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y h^of-y-f Kite. ^ hg££i;27D^y W b'&%<D®foT*&Zo tivf- 

u kj:«9£(;<2k s^&cocso-r y^>-r-^fp >k (ip 

P) t*V>W&.foT:hh : Jt ?*7>)Ast'a 'J >St (DMAPP) a<*6&LTC10© 

y^-^en'j^K (gpp) *<4ift*n, %.\a??t)m&irci5<D-7 rZ^fjis 

en«J>$ (FPP) *<^fiJc$n-5o FPPli, UglPPiJS^S C <»: tc «k o T C 20 
cy^-^-^fn »J (GGPP) fclcGGPP|n]±;0<*fc£LT. 

&£ttSo i^^T, Uah-y^^bS^ICct^s 2 o© £ - << * J fit* 

(Britton, G. , "Biosynthesis of carotenoids". Plant Pigments. London, Aca 
demic Press. 1988. p. 133-182. (Goodwin. T. W. ed. ) #M) o 
£i5, ftm^mt. mtoft&ftit&l&mmErmnn uredovoraOrta^y K 



WO9O06172 PCT/JP95/01640 

Tfc£tf7*1f>^ ^££°JfclKL*: (f 7@#i) (Misawa.N. 

, Nakagawa, M. . Kobayashi, K. , Yamano, S., Izawa.Y. , Nakamura, K. , Harashi 
ma.K. , "Elucidation of the Brwinia uredovora carotcnoid biosynthetic pat 
hway by functional analysis of gene products expressed in Escherichia co 
li.". J. Bacterid., 172, p. 6704-6712, 1990. ^ Misawa.N., Yamano, S., Ik 
enaga.H., "Production of ^-carotene in Zymomonas mobilis and Agrobacter 
ium tumefaciens by introduction of the biosynthesis genes from Brwinia u 
redovora.". Appl. Environ. Microbiol., 57, p. 1847-1849, 1991 
3-58786-t&fB#«a) o 

com. mmvm&ikm*. m%me>f?i&miz&< : {? : &?zR&#)teWi®*v 

£UJ % 28, p. 219-227, 1990#J&) o 

7 X** If :/*'>©(«&«£ LTt^ |<!«:**7S«©IF«!5L BSPhaffia 
©**«U H&Haematococcus©lg*$K Rtf**£ric8jteJ:9f»&*ifcfl:&1& 

m?Z>o &#Phaffia©J£«$IT{>, *0»»i*<itI7L^I)TX^*1|->f 
>©^SfiA<fil^«6. fiK-^JfitfJ»c^<£3X h*S^"6o li&Haeinat 
ococcus©»«#l©»^s fc*B*K7X**1r>* 1 >£jftfc^fctt#£ttl&L 
ttttfttftt$>f\ *»3tRJR©fc46©A«l*fr^Al*ftj&©fc«)©««8B^ 
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*lc<fcij N ■*"Cfc##£jsMHB Brwinia uredovora frbJUmZtlT^Zo Lfr 
©Wft*MTtt*&ftT*Tl**lc *fc*ISfcfi£?!;{cMoT(i 
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♦ISMStt. ±§a&®£»¥&t^<&£tfct ; tCA:i££, *tg&Haematococcus 
pluvialis ©cDNA*&fr H£*A***3- F"f *itfc^£* p-^>rU 
K»fc?£*fi*i^rtf^**-DNA*fls|«U *-DNA**»SC* 

-SCtfcJfcS&U *»9HHl5J*3tfSK£ofco "Ttt*>*s j9--T* 

y ^j&£W*-sfl:£i3!i©/3-'f >«©4ttoy ^U^S^^r b&izu&tz 

W*5fl:£1&©/8--f *y >*© 4 te©;»f-i/ hgic$ifc-r*&&«1£ 
- K*a- K"T««[l6EW*dtiDNA«:litt-rSo 

**w« N -iKrE©DNA*^ia»i^^^-*ii«-i-s« 

!»E©DNA**ALA:*4*«>aHft-rS. *fc»Jfc* MfE©D 
NA*i»ALfc*£«^*«IT?**U h * n *V -f K*««-T* 

BIT* **«W*»ttlittW-rs 0 

1. *hg*A6l* 

£©# y fm^ 2iRi&fcEai*©Eyj«- i ic^^nsr 5 y nwM c» 
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2gicDB^t»D*T07 $ jwtmm . Be?"j#-f-3 K^snsT s y & 

T% r^gfltj{cB£^*OBeyiJ#^ 1 x &n&^2 > B£?iJ#*t 3 

E?im©B£yj#^ K E7«J#-t2> £ ttE?iJ§*§- 3 lc*3ttS7 ^ 
y&E?iJ©SH#i©7S yg? (Met) &{K$zlX^Zb<Dte£*>&$2tlZ>o 

Tx**y >£gTrt ^ 3-bK 

>£gT7X**1f>f->£&j£tS-£#T'£S («8S#1) o fivf-J-f 

2. MSSAIMtJt&F (bkt) 

teftf *»*»tt**Tf * # 'J K* 3 - K««tfSE*J*atfD N AT* 

So CCDHMtfJteflll^ j^SSHaematococcus pluvialis (NIBS-144) <fc *3 ? o - — 
> £ Sbktitfe^T* <9 . C ftttfcltWfc* l H© A* & D * T?©7 $ V K 
E?'J <E7!l*©E*J«l Kw**lS7SyKEW) % »2H©B^&D*-e® 
7i/g?E7'J (E?J3l©E?iJ#*|2l;:*S*lS7 i yttEfl) > £fcl*HI3l2l© 
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k fc^tfETUS-t 3ic*$*iS7$ smmwzo- k-ts^sk 

Be?m©aeyijs-^4 {c^^-«8bs?ij« x 3- K®«-e**B2yiJ3t©ieyij#-t 5 k 

*^&gK^J©±^{c|M- Kft#££fr*>©-?<&*o *f&Bfl©bktit£ 
?tt. E*J*©Ey>JM 4 * 5. 6. fc<fctf 7 lC*$ftS£gE?i]££t"-t>©© 

bktafcMtt (fitT* TBKTj i^-TSo ) , ttttvZ* *»W©-5rhiS#A 
S5*(is WKLfcJ:-5K:. 0-4* J >M*1?+Z<l&to<DB-<( * J >£© 4 

-5 «&8EI#jfa) o ttz. BKTtis 3 -t KD + i/-j3-^^y >«© 

Si LT4-^ h -tf7+-»- >^ >£*lT7X**-tf- >£&l&tZ> £ tfrT'Z 5 

— KtSDNAIi, tt*fe]g,nTl>tt*>o*:t>©-7&*K £©# 'J Kfc «fc 

t^cn^a- Kt*DNAte> 38tt*Wfcl&ftTl»S£©J: i 5tt# , J'*:/f- K 

$%&j£IBS BrwiniaO^o^y-r K^fifcitfc^S*. crtB, crtB, 
crtl &tfcrtY£ffll>*;itlc«fc»K ^lS^(D%^i:j3 -a v 
#ASCi*<T§s MK±fe©4o©it{S^JCfa;icrtZfc£^fcffl^SC£K£ 
*»BI*©IR^«ICH?7**>f->±**6*^A*c:i*<T?** (*7HR 
tfWE©»091/13078*&M&tt#]H) . 

Lfc*<oT. BKT©ggT&££-rto^>^#7*1f >f->(*cn£Erwinia 
© crt«g^»ic«kt)*jft$ns©^ Erwrinia©crt Z&fttZJzM 
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mm ©&£^lcM{c#fgH8©DNA (bktfcfc?) *&A?Z£, jS-rtnf-> 

mxiu-T y V7*it>?->£mx7x9 zzt&'zimtu 

h (SfS8EI#JKO o fc/£U *>7*Vry : f-y&.!k%lL>kMX\U ±'7 *V ><D 

Z9*V>1->t:£.m*Z>mi&1$&V0-9 »J 7 3 - t Kn* 

•>x**y 3* - t Kn + ->x+^y>^gT7x-3+t>f 

^S&B <b#x.£*U Z.(Dv<i—t£Rmm&<Dm®tLX. 3*- 

h Ko + ^i^y>> 3 -h Yv* : s*-**J >W7i-3 + t>f>*4 

3. DNAOSm 

%*ik¥&Jfci-Z>Z-£X'&Z>o LfrU ^7; ; WMiil^Ci* 
%A.tltf, ZV>it¥&l$L&£'0 Haematococcus (ft^Wtt ^©KHaematoc 

occus pluvial is -^Haematococcus lacustrist?:&<$>S) £>mRNA£EXi#L> 
tl^^^USt? cDNA? >f U :05-r^7 U-^bilft^I^ 

©$Hre«ffl stress fci^^^^^p-^Jwis^^^'J^-r-tf- 

ftttftKl^ Haematococcus pluvialis ©£RNA£#HiU t^dy- v 9 * 
-dT3 0X-'<- (SSii (**) ) £ffl^trf'jA + RNA^»S!!tSo 
^|JA + RNA££|S!KLT^ i££¥»&SUPBRSCRIPT RT (GIBCO BRU^tiM 
DNA^SlEU tii^Xl. coli DNA »;#--fc\ E. coli DNA E. 

coli DNA RNase H (±TGIBC0 BRL)£ffl^T 2 c D N A -5 o £f& 

LfccDNA£*B§gffl3&3t / <**-pSP0RTl(GIBC0 BRDlc&^ii^ cDNA 
ij -£ftSU^"*o COcDNA5^^»J-*fflK £-£nf->££ 
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&?Z*mm (±fSL*:erwinia ©crt Z*mm) 

© X> £ oT* Z iJ y 5 > f- tt£ £ *J!§g©fe H*< 0 - * o f- > 

/i*fe©JBJME**»B*&BW©cDNA*fto:f5X$ K*MU cDN 
At^MS^? ^-pBluescript II SK+fc «fc pBluescript II KSKSTRATAGBNB) 
«cott¥Jft^S 0 cn£75*S KfcoltT«*©£S©fcfc*#1-*fcfc&ll 
#ttJjft£i7V\ *ft&lcol»T**E*J©ftft*fT?o 

5t££Tlc&«8©*fi£Haeinatococcus RUgasttTfceK :n^lii 

&^Tte*>S;0<|5]i;&M£^©Phaffia rhodozyma t7X^*f Y 
iivf-J << 5 C£a<$8£$ttT (Johnson, B. A. and An, G. -Hwan, 

"Astaxanthin from microbial sources", Critical Reviews in Biotechnology, 
11. 297-326, 1991) 0 ffiifc LfcHaematococcus pluvial is N1ES-I44©bktitfc 

©afciP*w»*-*c *. 7x**-9->f->££j?re£s 

Haematococcus ©ifj& % S>% Haematococcus pluvial is NIES-144i (i -tcDjSf'fktt-^ 
jttcW^-SftaaiOUtt* 2S, "fttfr^, Haematococcus lacustris UTEX 294 
(The Culture Collection of Algae at the University of Texas at Austin^ 
S>#MO . Haematococcus lacustris C-392 (3K^^i6fflft5kttWft3r <M 

dtL^OJfefe^DNA^HSllLs Haematococcus pluvial is NIES-144©bktitfc 

W©¥ffiatK bkt© , 7'P-y(±2a^©^Haematococcus ©HftUDftfe 
#DNA!Ci*f *4*^©DNA»rfrK*>3fc< M^'J ^XLfco ft-oT#fg 
Wtt> COi^ttlBEDNA (EWHs 5 N 6 Rtf 7 ) IV X+ 
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5. *mmm(o?k£.®i<Dm'Rifc& 

*mW<DDNAZft$:&&¥t LXM^Umm *mm. Zymomonas 

mobilis, Agrobacterium tumefaciens) 'PWlM (Saccharomyces cerevisiae) ^ 

tlTl^Sk©. f&Ix.(f> "Vectors for cloning genes", Methods in Enzymology, 
216, p. 469-631, 1992, Academic Press^ 4s«fcU\ "Other bacterial systems", 
Methods in Enzymology, 204, p. 305-636, 1991, Academic Press 

tT«£3ftfc^<o^©&M;£fca<&'K *ftb£ffl^SC<h#T*£S 

Sambrook, J., Fritsch, E. F. , Maniatis, T., "Molecular clon 
ing -A laboratory manual." Cold Spring Harbor Laboratory Press, % 1 
7 4H-S& 8 41, 1989 #H) 0 # S/c&KJl, 

^t&lC&l^ MiE© "Molecular cloning -A laboratory manual. % 

1 7g|fl3H~SM II"). 

#180 , lac ©7d 3;MiefSSt<**-Ktt*ifi<K 

TzmAitzbvttimmizmAtzt^o xmwmmi.. iac ©:7u*-* 

-^£W*S*8§©ffl cDNAf&St^*- PSP0RT1 (GIBCO BRL tt) cfK* lac 
©^"D*-^-©g2f© 'J - Kx;U-^-S^5^|S](c N Haematococcus ©bkt £ 

<»«^©ite : F^A> 

gfcfij Saccharomyces cerevisiae ^©ft^iSfe^-C^Afett LTlix "Jf-tfA 
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-J E^ttilK-tr^^- ftj#«a) o #$Tft*it{£?£3im$-£*/::a6KJ*s PG 
K ^ CPD f0yD*-^-t5<t^-;^-^-*ffll^ C<0 
ynt-^-i^-U-^-OPWlO'J - Kx^-fcStf-S.fc AL 
fcfSStrt-tr y r-£*8^U £©f£3i*/-try S. cerevisiae ©^? 

fc<hx.tf, YRp& (MJftfe^OARSEM^ttfiiBjSli-rSWftfflv^f-ne-^ 

> YBp& (#S©2#m DNA©H«jBA«r«po*«ffl^;Uf-3 tr-^** 
-) > Ylp^r (WftOtKKiBj^^^fctt^Mftfefraii^ffl^^^-) ^©^ 

*/d5>-j E¥ttiBHr>*-fiK B**«fl#£ABC->U-X rft|t£g©fc 
^©itfe^-X^j ^^-^^i^J^ fc«fct/, Yamano, S., Ishii, T., Nakagawa, M., 

Ikenaga, H. , Misawa, N. , "Metabolic engineering for production of 0-car 
otene and lycopene in Saccharomyces cerevisiae". Biosci. Biotech. Bioc 
hem., 58, P. 1112-1114, 1994 #JKD • 

< Zymomonas mobi 1 is^Oitfis^SM^ 

x^y-^tai Zymomonas mobilis ^©^-^^©^Ali, 
ttffil;:&i§tt&&{£&&jc:«fc Z.ti)<X^6o Zymomonas mobilisT-fl.*it 
fc^fcJSSStf-Sfci&fctt* fl*itfc?*»ALfclfcS'<**- (fc£*tf, Z 
ymomonas mobilis ffl^^^— pZA22) £ Zymomonas mobilistc^A^SiJ:^ 
(4>tt£Bs rzymomonas «flg©^?WSJ , B*ft£rt:¥£!£, 63, p. 1016-1 
018, 1989x fc«k(/x Misawa, N. , Yamano, S. , Ikenaga, H., "Production of b- 
carotene in Zymomonas mobilis and Agrobacterium tumefaciens by introduc 
tion of the biosynthesis genes from Brwinia uredovora". Appl. Environ. 
Microbiol.. 57, p. 1847-1849, 1991#H) 0 
< Agrobacterium tumefaciens / \©iifiT-^A> 

ffi^J^/SilfflS Agrobacterium tumefaciens ^©^5feiltu : f-©^A{i> 
i£teffil-&i§fc&&foii&K<k , 2fi : 9 3. Agrobacterium tumefacie 

ns Tfl3fcitfc^£381!;*-ti-.5rt:*!>l;:t±> ftfc&fc^&Jf A L fcf&St'** * - 
(A:£x.(fx Agrobacterium tumefaciens ffl^^ if — pBI121) £ Agrobacterium 
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tumefaciensJC^A^--5<!:«fcl^ (Misawa, N. , Yamano, S., Ikenaga, H., "Prod 
uction of 0-carotene in Zymomonas nobilis and Agrobacterium tumefaciens 

by introduction of the biosynthesis genes from Brwinia uredovora". Ap 
pi. Environ. Microbiol., 57, p. 1847-1849, 1991 #f&) o 
6. S4«!i:J:5n*Df^F4i (bkt itfe^&S) 

}&Haematococcusfi*®7X**1f>f 4- lijuf-J 4 K^it 

77;^Wl/fo'J>B( (FPP) \tiJu=f-JH Fi£&HK<> -tr**r;l"<>s 

LT^*©"C* f^TOflk^WiaC+W^+lffl^MISltLT FPP £WLT^ 
Stt-fT**. #3fc&Ji£SH® Erwinia <0*v1-J4 K&j£fc£?i*tt. 

FPP £SK<!:LT\ Haematococcus ©bkt iftfe^^IoSIRs -fttfr - ^ £- # 
o^>, -bfT+^^^^^T'^^-ti-SCliiO^T'*^ (!&7EI#JRQ . 56 W 
*MW?tt<IIELfci4«, Saccharomyces cer 

evisiae^ y — .rt'&ftlBfll Zynoaonas ■obllis* ttttftBlllfil Agrobacteriu 
m tumefaciens Jc Erwinia Ocrt ite^HPM&SAU CtlbOi^Ws "PS 

iti£LT<<>6 (Yamano, S.. Ishii, T., Nakagawa, M., Ikenaga, H., Misawa, 
N., "Metabolic engineering for production of /8-carotene and lycopene i 
n Saccharomyces cerevisiae". Biosci. Biotech. Biochem., 58, p. 1112-1U 
4, 1994, Misawa, N. . Yamano. S. , Ikenaga, H., "Production of 0-caroten 
e in Zymomonas mobi lis and Agrobacterium tumefaciens by introduction of 
the biosynthesis genes from Erwinia uredovora". Appl. Environ. Microbio 
l.. 57, p.1847-1849, 199U *5<fctf, 4$B8¥3-58786^&«#Jia) • 

L^ot, Brwinia fc*©*af-y-f K£/dcitfcTS*<h#felB©D N A (Jfc 
fftfjlcliHaematococcus &3fc©# of y •< K&filcitfeTbkt) ^^t>^:Xn 

i i 
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n^>&fi£(c,&gttErwinia uredovora ©crtE. crtB x crtU crtY it 
hS^A»*ite^T*S HaematococcusObkt >tfc^£A-fl§g3£ 

<*©x**y >t>ifsc *«, *®m%m^T*>f*v->?>. 

J Ztzibiz l± ^ Brwinia uredovora ©crtE, crtB, crtK crtY 

jt£^££fr«rK-£*»ffi'<**- <«*.MK PACYC184) i:»ALfc^X; 
K pACCARlBAcrtX) „ 43«fctf> Haematococcus©bkt ate?*£fc*r 

fr£*MK**- (.Mx-li. pBluescript II KS+) fcjf A Lfc75 X i K 

p hp5i cmi oBi#jia) ) om^3 7si h'ttmm jmiod \zm 

/c(i2 YT^ittW^i|fet?3 0-3 7 ^©*gft&#"e£?jr8! £ U 
11)6, 7* h ><K0t*»i4ffli»T* ofy Kft**imtfttf J;^, c© 

#7*1f ^f-^j&lC&ilttErwinia uredovora ©crtB. crtB. crtK crtY. 
crtZ itfc^fcitfy hg£A8*jt Haematococcus©bkt itfe?* 
*»B*0*^«»c*AL»a*1i-*C<!:lcJ:*?, tHWiLT, 7***-* 
>f^4«3ftf«C4*<"P*S. bkt U^l>©W»Sic J; 

f3^Bfc+BB#©4 H*7*1f «*MK *8§ffi£ 

ffl^T7X^+if>f>, 4 ->r H?7**>f->*^je-r«fca6C(i, Ervinia 
uredovora ©crtE, crtB, crtK crtY „ crtZ«£^££friftfr ; £*B§&'^ * 
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-Wilis PACYC184) \zmAlte77*$ K (0J*.fi\ pACCAR25AcrtX) , *> 
«fct>\ Haematococcus©bkt jtft^fcafcWrJtfc^M'** (Wx-tfx pBlue 
script II KS+) icjf ALfc7*5Xi K (0>)X-(i\ PHP51) OM^X; K&A-H 

m mm. jmiod ic&au -en*, mm* 7>e>u><h*p5A7* 
ats-jsm-rfttfj^o coio^LTif bns^nf;^ Kfe&Kia> 

-tfT+lfVf-V&J&Ki&gfcBrwinia uredovora ©crtE> crtB % crtU crtY, 
crtZ ite^^tf^ hg3*A&£&fE : Pe&S Haematococcus©bkt itfe^£ 

P&m®tLT, 3'-t Ka*->x**/ y y 3-t Ko + i/x + ^y >Rc;7x- 

7. ft&ttom 

*j6WoDNA-e*s#«*nA:bktae?*ia*j&^7*5^$ kphpsi * 

3JA L fc*»BDH5 a 14. I*tt*K4*I^Xil ttHrW ^BrfcTEoa «9 

lFft*J&<KLfclM(©fcai>©** : DH5a(pHP51) 
SFKS^f : FERM BP-4757 
Sft*PJ3B : ¥J£6 4P7 J326B 

31 1014s IMK Haematococcus pluvial is NIES-144 (O'r hg^ABI&ilfe 
7- (bkt) ottatEWt a - K^nS'Ry^T'f- K©T 5 y»E5»J*^to 
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f 2ili, mm Haematococcus pluvial is NIBS-144 ©^ r-g^A6*3titfc 

^ (bkt) (Dtemmmt^-Yztizxy^rvvT i jw.wm*ffi-?o 

^3 El (is mm Haematococcus pluvial is NIES-144 <D*r r- S3* AB*£it{E 
^ (bkt) ®ig&BS?iJ <!: 3 - K^nSifly^f' K©7 S J KBe^J^^fo 

JMBttN mm Haematococcus pluvial is NIES-144 0^hi9A^l& 
=¥■ (bkt) Z$t>Mm(Dt&&&mZ*to 0<K A. B:fc«fctfCW:Bfli£:J K>© 

#5Htt, JMHK:tt<Eai**-ro 

*7Htt, ^^fijcJHB® Brwinia uredovora V>iiv=f-J 4 Y 

msmit, mm Haematococcus pluvialis NIES-144 h£*AB**itf5 
1- (bkt) Erwinia uredovora ©TKSt&^ABNfcfcfc? (crtZ) 

©«&£* hiiaf-J^f K©M££j&g&£*iro 

^9Elttx Haematococcus pluvialis NIES-144 (D>r b&mA&%&fc 
? (bkt) Erwinia uredovora ©7K»g#AB**itfc? (crtZ) 

omit* Yiio*J -T K©v^:T-/i:££j&g&£**o 

mi OEM*. Haematococcus pluvialis NIES-144 hS^AS^l 
fe^ (bkt) Z$t;2ne>-fv*x KpHP5*i«tOfpHP51 

pHP5tipSP0RT He. pHP5HipBluescript II KS+lC, lac C^Dt-^-©'J 
- Kx;l/-£gtf *#|SncJ$ A£*iTl>S 0 #jlBB^OTMtt&©<fc-3{;:£B& 
$nt^$ntl^o S, Sail; Ss, SstI; P, PstI; Sp, SphI; N, Notl; X, Xb 
al: K. Kpnl; Sa, Sad. 

3* 1 1 Kite, mm Haematococcus pluvialis NIES-144 0>r FS^AK^iS 
(bkt) ©wfea K>££i,i£8©&SBcm&8xU-v' 3 y-t=>7, x K 
©M&6&&£*Th> 

% \ 2[g](i. Haematococcus pluvialis NIES-144 ©bktitte^ <D1. 7kb 
DNAKf^^n-^tL^ 3 SS© Haematococcusicft-f S-frlf >##r (^ 
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\s — >1~3 : Haematococcus pluvialis NIES-144 

U — > 4 — 6 : Haematococcus lacustris UTBX294 

U— > 7 ~ 9 : Haematococcus lacustris C-392 
V-y K 4, 7 : Hindlll^M 
U- 5, 8 : PstI flHfc^ 
6, 9 : Xbal Mfttt 

0>J l - <fc «J PB 5t £ ft S © T « tt ^ o 



ae^KflUcffll^HaeMtococcus pluvialis*** fltE&A JlllI* • AM9MI 
7*-5A ( Global Environmental Forum ^SAStlTV* NIBS-144 #T 
Haematococcus pluvial is£g#J&it& 0.2%, BHtt*- h V 9 

A 0. 12%, L-7Xa , 7^/' 0.04K, £ffcv^*S' , 5'A • 0.02%, 
«EK»-tt • -b*ft«! 0.001%, «Wfc*;U->«> A .-*fD1& 0.002%) 
20^, l2\%fflBj]/l2\%rm (20tfB/B2-s)"Ct&4BIH£#Lfc. X, Haematococc 
us pluvialis ©7X^+-^>^>^fife^:SI3¥-^S^{C N Haematococcus pluvial 

is nies-144 mzm&z&mmms^ mn-ft • -b*fttt£*t**ft450i 

MKttSJ^jcjjjnx., 20^, ft&g 125^E/m' • sT^12^J§#LT. >X Mb 

[HJ60ij2] Haematococcus pluvial isb£DNA©§8$!! 
Haematococcus pluvialis NIES-144 ^^-400ml©S^^Hfe{cffiS LT20T, jfc 
@J^20^E/m 2 • s. W«*-f ^yH2«fBBIfl/12Nfiai»|1?*?|4H|yj«*Lfco 

/Co t&*tt©®5fcffi#K 15ml <Dtotii1&mm (0.1 M Tris-HCl pH8. 0, 0.1 M BDTA, 
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0.25 M NaCl, 0.1 mg/ml Proteinase K )&jta;LT$[ L < fllW 55°CX2^m 
iSLfcl 6000xg, 10#IHK 4VT'&foLXt£mQ0ZM<C>t&^tZo ±^{-0.6 
&X04V-7v'*/-to*:1n*.s -20°CX'Z0ftrtiti!iQLtz&.. 7500xg. 15#R,^ 
AVX'^ltZo &J&LfcDNA£^&2nlcDTB&»&(10mM h 1) X-HC1 pH8.0. 1 
mM BDTA)-efe$U HJ|cD7xy-^ : * po*A'M1:1)£«£LT«&U 
±l?:fflaiL/Co $^T80#1©5M NaCl <b5ml©x^ / -^^Ja^T^OiCTaO^ 
RB&aiLfcflL 12000xg> AVX'&foltZo W.\ClQ%3-f S -frXftm 

«*«J V*LfcUfcx &&LT0.5 nl<DTBtt8rtt(10 mM Tris-HCl pH8. 0, 1 mM ED 
TA)Kj§fl?U 2. 5 u 1 CO 10 mg/ml<DRNase A£]tox.A: t>©£Haematococcus pluvia 
lis0£DNA8«iLfc« 

[HJfe^J3] PCRiC«fc«5Haematococcus pluvial is *>b©crtZffi|nI^O#ai 

Brwinia uredovorat Erwinia herbicolaOcrtZfefisiP (Misawa, N. , Nakagawa, 
M. . Kobayashi, K. , Yamano, S. , Izawa, Y. , Nakamura, K. , Harashima, K. , " 
Elucidation of the Erwinia uredovora carotenoid biosynthetic pathway by 
functional analysis of gene products expressed in Escherichia coli.", J. 

Bacterid., 172, p. 6704-6712, 1990. Hundle, B.S., Beyer, P., Kleinig, H. 

, Englert, G. , Hearst, J. E. , "Carotenoids of Erwinia herbicoia and an E 
scherichia coli HB101 strain carrying the Brwinia herbicoia carotenoid g 
ene cluster.", Phytochem. Phytoblol., 54, p. 89-93. 1991) lca-K**l* 

No. 1 5" -GGNTGGGGNTGGCAYAARTCNCAYCA-3' 
No. 2 5' -CANCGYTGRTGNACNAGNCCRTCRTG-3' 
No. 3 5' -GCRTASATRAANCCRAARCTNACRCA-3' 
(N: A.G.C* tzltl . R: AtfcliG . Y: Cttzitt . S : A, G ttztt. TO 
No. l£No.2&r>'No. liNo. 3©&&:/7-<v-£fi£oTHaematococcus pluvial i 
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s <D-kMki&WL%:&W.t LTPCR (polymerase chain reaction) &'n-itz 0 $ki& 
tl-SMv. #J100 ng©Haematococcus pluvial is ©±DNAi£$u &100 uli 
<DM&Zfy4^-, 10 dM MgSO^ lxVent BufferUO mM KC1, 20 mM Tris-HCl ( 
pH8. 8), 10 mM (NH<) 2 S0<, 2 mM MgS0 4 , 0.1 % Triton X-100),250 juM dNTP, 2 
U Vent DNA polymerase (New England Biolabs, Inc.) Mtt&<k -? (Cjl£ U 9 
4T 30&IUK 55°C 308^ 72^C SOtHBJ-eSOlM * JK RCf94«C SOfMHk 6 
OX] SO&IUK 12V 30&MX'3Q-*4 9 JWBLfe&QrT'PC1l%:m\ m%W®&T* 

[&ME0I4] Haema toco ecus pluvial is©£RNA©p$S! 

Ha ema to coccus pluvial is NIES-144 #£800 ml©S*^Hfilcffiffi LT20 < t, 
#&&20tfB/m l • s, BJ|$^^^^i2i^^/12TOlgf-e*<j4BF^*L^ 
#&££&8&45mM> • -b*ft«*«»M450/iM{CttS 

20X\ #&fgl25/zB/m ! • sTttl2*W**Lfc. ****&BH**S»U fttt 

3 ml©IS0GBN-LS *tD*.* *ai?5»llflttll U 

12000xg. 15»Bk 4Tl?ia^LT±®^ttdlL> 2 ml©^ Vfw*J -yU«rjD 
X.T105HBU M"ClJclt*. 12000xg. 10#F«3, 4°C-e^L/Co «El»r70Xx 
^y-yUTitIR«*y >U«> &&LTlml©TB$»il3[(10mM MJX-HC1 (p 
H8.0). 1 mM BDTA)K&ft?L*:fe©£Haeniatococcus pluvial is©£RNAj§S£<i: L 
fco £©83$?fcT4. 1 mg©£RNAjW#£ftfco 

[£!fcW5] Haeraatococcus pluvial is©cDNAI6^-5-f 75 'J -©M 

^x-y *X-dT30*— (^jgig (AO ) £ffll*THaematococcus pluv 
ialis©^RNA^lmg^t>^UA+RNA^H8S!L/Co »«35T*fett, *tt©»SlftW*© 
&ffl ICgfe o fc 0 C ©MKrtt-CttM g© # 'J A+mRNA£»8!! L ^ 0 
cDNA©ft«tt. x-/<-^^'jyHMy5X; K->^fA (GIBC0 BRLtt) *ffl 
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a+rna *ah,\ mm&%noii<Dmffi l mm±ismers<D*v zuifrbuz&i&wfe 

•754^- 1 LT&fE¥#$SUPERSCRIPT RTTffiffitSDNA^^L, i^V>TB.col 
i DNA Utf— tf x E.coli DNA #'J;*5~«^ B.coli DNA RNase H£ffl^T2#«g 
cDNA££/£L/c8L #JIBI**Sall©'J >rt-£T4 DNA U # — b*T'il££ $ -ti\ £ 
j^WlccDNA<DJig(E5fe«g*<SaliePfii:. # 'J A©T*^NotI«tt^tt* <fc ? K Lfco 

CtlbcDNAO^-f X^H*tTV^ 0. 7kb~3. 5kb©fgffl©# 
B£&a6fc 0 C©#fi©cDNASfo28 ng£35ng©cDNA&5l'^ * -pSPORT I (CIBCO 
BRL tt) £ NotI £Saltt?ififl:Lfct>©£*±** M^StlT^S?* Y- 
•> 3 W<»7r-(5fli h UX-HC1 pH 7.6. lOmM MgC12, ImM ATP, lmM DTT, 5 
X PEG 8000)&tfT4 DNA U #-B4ffll»T5 -f Y- > 3 >Lfco d©cDNA2S3t^ 
?*-pSP0RT Itt, Sall8B&©±aiEKlac.:/ , a j e-*-£t>^ *Biffirt"£cDNA 

^TfoT, Molecular Cloning 2nd edition : Cold Spring Harbor Laborator 
y .1.21-1.41 (m$)<DlS&KV£iXmULtz*Mm (Escherichia coli) DH5a 
©3>kr> HfVU©JBfME**fTofc 0 »4^fl©JgfM6**|i*<»&n, C*l 
b££T&i6£:$L Molecular Cloning 2nd edition : Cold Spring Harbor Lab 
oratory .1. 21-1.41 (1989)©;£&lcftt.\ 75 KDNA&HS! Lrtio *©IS*. 
0.6 rnjOy^X; KDNA#<f§£>tU Cft£Haeinatococcus pluvial is©cDNA5&^5 

[MM 6 ] Y h &mA&%»&¥*m L fc*»B©fe« S6fl:*fijffl Lfcx 

Erwinia uredovora©crtZJ£/lfl»©*> u=f-J 4 K^Jtfe? XKcrtX. crtE. crtY. 
crtl, crtBitS^) -575 X S KpCAR16 (Misawa, N. Nakagawa.M. Kobaya 

shi.K. Yamano.S. izawa, Y. Nakamura, K. Harashima, K. , "Elucidation of the 
Erwinia uredovora carotenoid biosynthetic pathway by functional analysi 
s of gene products expressed in Escherichia coli." J. Bacterid., 172, p. 
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6704-6712,1990, &tf#IHi¥3-58786^&fR#Jia) ©BstBlIflHL Klenowg^fe 
VX-iffcfcZ'niCtlZ&K). cr tX£fcT£7l'- A •> 7 h *C «fc *9 $ 
trfc&x /S-^D^^^JC^H^crtE.crtY.crtl.crtBiie^^^t; 6. Okb©As 
p718(KpnI)-BcoRI»r^^«l*9ttiL^o COBrtt-^AHe^? * -pACYC184 (ATCC 
37033 <fc*?A#) ©BcoRVSJftKjfAU gtfji-T * 75 X $ K (pACCAR16Acrt 
X<hffr£) £*#fco C©pACCAR16AcrtX£Wt-S*B§ffite* ?D7i7x-3- 

(2) y hgiiAfil&afc?©*? U--^ 
-7- b *7 p y -< KfcU Haematococcus pluvialisrtT*li/3-77 Df 
j££*l-5 itxbtlJ (Britton.G. , "Biosynthesis of carotenoids". Plant P 
igments. London. Academic Press. 1988, p. 133-182. (Goodwin. T. W. ed.) P 
M) o -€-CT'±IB©pACCAR16AcrtX^«^t-S^:lS®JM101*<)9-^P^> (H 
ft) ^-^-r-SCh^jfiJfflLT. CcD^Hm{C±iSOcDNA^5-r'/5 'J-«r^ 

au mz>titzi&n&&#<D&m$ntfrz>. ^r-g^AH&ite^^ftL/.:;*; 

S > * * It > * y&iitfi. 3 ft -5 £ £ o f- b * > 

£f\ Molecular Cloning 2nd edition : Cold Spring Harbor Laboratory , 1. 
21-1.41 (1989)©2f&£ffll<^ pACCAR16AcrtX£&#-ra*MJM101O3 >f 

fttc, ;03^kT^h*;H mlKttLTlOO ngOcDNA&Si? <f 75 'J 
P5£^SL/Co ^5^; KpHP5O«lS«:»10iaK*-r« 

[ ma 7 ] ai*A»*afc*©tt»e*jftj£ 

pHP5£# A $tlT^ -5 Haematococcus pluvial IsA&Ol. 7 kb cDNA£#IIS&& 
SalliXbal TtfJ9 111 U ^Hffi^^ * -pBluescript II KS+ fcJ; tfpB lues crip 
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t II SK + OSall/XballflJ&Klf ALTx 2«<D7*5XS K (pHP51fc «fct>*pHP52<!: 
fft£) Z'MtZo C©9t,7-7X$ KpHP51©#JKB*&iftS£miO|giC^1% pHP51 
RtfpHP52W:, ZM'tl, ±fecDNA*<lac<Dyo*-^-(DU- K^/l'-^S^S 
# |SJ & tf£ tf ttl ^ |SJ» - # A $ n T tz t> O T' * S o 
ftSSILfcy^XS KpHP5U pHP52{Co^TOT©#JET*fi*©M£©*&£W 

%ftbK^Tm.mffl<D&fe*VTr,tzo phpsiws 

adiXbaliTtfjffU pHP52l*KpnI <hSalI£T*#J$¥ Lfc&> 7*7-^00 
<twi'A|fctH£m\ x^y-;uetKHc«k<?DNA*@iRLAio *tt*'tt©DNA£lO0 
^lOBxoIII^'-y 7 7- (50mM Tris-HCl, iOOmM NaCl, 5mM MgCh, lOmM 2-> ;t/ 
A^|«x^;-;k PH8.0) KfeML, 180JL~-y h ©BxolII;* * 1/7-H? <&ft|;L 
T37 < Ct?^L^o 3O0C<i:IClO 1 (DKfo&m*-* >7 >) >VLX, 10 //I 
CDMB^'-y7r- (40mM NaCl. 2mM ZnCI«, 10%/ V -t?o pH4. 5) <DKr>tz 
^±(0* *-7\Z&Liz 0 1f->yy >^&7(£x & £ft/clO#©f L 3 .-:7'£65 , t\ 
10#F H 1#aLT6*££&?§;*tffc&. 5^-X.y h©V>^fc*->?* lsT~ if* 
;ta/CT37 o C-e30#&fi'LA:o 7#o -xy*m&fclj&K«k tK lo©7* 

5*5 KOo^Tloao^n^n^Cgffi^tt-SDNAISrK-^lHliRLfco M 
LfcDNAliKlenow B*£K«fc9*4S£¥?HI:U 16*0. -865 a >5£ L 

*mmH5a%B'Rti;&ltZo ftbtltzW* <D 9 a - XCo^TT^ * \ 

8E?")£ifc£L*:o 

&5tLfcl677 &g*t (bp) *>£tt*E7 : iJ£$MH:fc«kU f &5EI (&?IJM 
4) {c^:-r o *-7->«J —r* • 7 l/-A&St©*£m. *8iffirtt?fg3tt£ 

^>^7l^-A (SfClE|0A~D (ffi?iJ^©Be?iJ#^ 5 {c^-T) . JS2E1©B~ 
D (B£yiJ^©&?iJ#^ 6 ic^-f) x m3EI©C~D (K3?'J*OBe?iJ#^-7{c^ 

2 0 



WO 96/06172 
94 V 



PCT/JP95/01640 



i£:J K>©hJ filter* SSBftM:. 5^ (&g&@168~170. 189-191. 264-26 
6. 348-350. 423-425. Cft£©{4@«!flllHJ;:^T#TBfr*lT^"5o ) 

ftttrbo %\\m^-$-m&^ b'yiz&vzm &©££. m &©&£. fc«fc 

^264 &©&£(*. *ft*'tt. 8HEI©A. &2g|©B. fcitflfS 3 EI©CT'* 

tx^ft^s^najMionc^n^n^AL. *©g£fe&£i35£ Lutein. 

30. 27. 31. 37. 12©X&7*5X$ K££#lf-**B§8-ett. ijy^^yf- 
><Dm±jb<i®lsbZ,tltzt><^ #-^10. 6. 38t?«^a6t>n^*>ofco M12 
©if&. ^Sttg264-266©Mi&=i K>ATG©AiT'*<^^LTt»-5*<. 

Zo L/:*<^T264-266©M^=i K>OT©^-y>U-x^ (US 

3gi©c-D (Mn&(Dm\m^ 7 ic^to ) ) *«>3- K$ns*'j^7> kiji 

[*»fll9] y hrto^y-f Kfe£©|nJ£ 
( 1 ) >**-9->f->©|il£ 

pHP5^ A:{ipHP51^/3-^Df->^^:JigJM101lC^ALfct)© (*»& (pAC 
CAR16AcrtX. pHP5£ fctepHP5D) (*gfe£SLT^S) * 150 ug/m\®T> 
f->»j> (Ap. Bfl^Jg^) , 30 ^g/ml©^P^A7x-3-yl/ (Cm. 
&f) . 1 mM©IPTG. 7 mg FeS0« • 7H,0fe J; 3 mg Na* • BDTA££t;2YTi£J|& 
(1.6% MJ7* h hx+X, 0.5% NaCl) 2'J * h;UT'. 30^C. 24 
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~3oi$fyii§#L/co igmmfrz&mLtzmft*. 300 mi ©r-b hvic^^am 

ttzo Ztl*m&&. 200 ml 09uu*)VJ*/*9 J-fr (9/1) tr 2 HIS Hi 
U aH$£@L/Co $bic, cnHiO^oatwl/A/^^-^ (9/1) ic 

/tJ-fr (50/1) T'®gfl-rSC(blcJ;«9. »i^a7 h^77-f- (TLC) £ 
Ifofco CCDTLC lCfc!3, MJRfH0.53. 0.78*3<fctfl ©3X#-y Heft 

^tlfco ffltfj;*nfcfe££#©75%fc;fg^tS&fcS^fefe&(Rf fil0.53) 
TLC7U- h^^ift^iofco CCD^fefe#£S iDM©?PDt^A/^ * 
y-yl/ (9/1) Ki$8?&> -tr7 7 T^ZLH-20*5A^D^ (15 X 3 

00 mm) >; 1 9 J -)V (9/1) -egMfeHi^S C tic J: 0 % 

*&S^2 mgfffco *1MJ©**-nraX'** h;K 'H-NMR. FD-MS*'** (m 
/e 564) „ i/*)iJ?Jl>nC<D&W)m (9 / 9 J - )i> (50/ 

1) trJU^T'Rf HO. 53) * >f- >OS$a a a (BASFtfcS!) t^T- 

StnKffltfJ$ttfcfe$©10%K*Bi!§-f (TLC TRH&0.78) 

TLC 4>*©^ -;n:^lfco C0fejfc©Jfcfl.-°I 

SX^? •> U * y ^TLCCDgH&S (^DDWA/^y-^ (50/1) 7? 

MBHTRfteO. 78) . £J:t^ > ?HR6#C I8 (3.9 x 300 mm) 
X*±$2) £ffltifcHPLC08S»* 7a'<J-Jl 
(90/6/4) T' 1. 0 ml/ #©i$&T©glJraT16#) J:*)***/ > (ft&SCti* 8 

&t>-c\ &V)Kmttizntz&%®%w 1 5%ic*si!3-f (tlc -eRffi 

1)£TLC ZfU- bfrbfrZt*). 'J>Jk<DJ 9 J -MZfefrLtZo :ofe*©M 

h^K *HR 6/z C. (3.9 X 300 mm) 

-Xtt«) *ffll^HPLCO»»* (7* hi h U^/y ^y-^/2-yoyV- 
/P (90/6/4) T'1.0 ml/ #©i£&T?©gMTRT62#) 0-iia1-><Dm& 
& (t-frhy'sXM. Sigma &$) tt^T-Qltztztf), *«jK(±*RtC© 

(2) 7X**lJ->^>. 4 H*7*1f>f-:/©M 
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f 7*V>*>&±*Mm*fc(D&i\zl,XftW.Ltz 0 ttit>?>, Br. uredov 
ora <D £Jju1-J>( Y&tfL&fcl-UZmtZ>-7v7, 5 K PCAR25 (Misawa, N. , 
Nakagawa, M. , Kobayashi, K. , Yamano, S., Izawa, Y. , Nakamura, K. , Harash 
ima K. , "Elucidation of the Erwinia uredovora carotenoid biosynthetic p 
athway by functional analysis of gene products expressed in Escherichia 
coli". J. Bacterid., 172, p. 6704-6712, 1990*5 <fc£M$ra¥3-58786 -t) O 
BstEII mt, Klenow fragment 54 f- •> 3 >£££fT o c £ 

fc«fctK crtX itfc^£7 b-A->7 He 3 -tr74-* >f- >g 

£K<&gttcrtB N crtB. crtU crtY. crtZ it^^^fr 6.5 kb Asp718 (Kpnl) 
-BcoRI mfrZVWti Itzo CCSrtt**)}!^? P ACYC184 © E 

coRVSB&KjfAU eWi-TST'^^ 5 K (pACCAR25AcrtX£<ft£) S-iffco 

pHP5£ tzlipHP5l£C<DV7*V>1->m?}L*:m%m0UzmALtzt><D (*B§ 
m (pACCAR25AcrtX, pHP5* fc(ipHP5D) (gfefcmLT^S) £ 150 /zg/ml 
Ap, 30 #g/ml©CnK 1 mMOIPTG. 7 mg FeSO, • 7H < 0fccfctf9. 3 mg Na, • BDTA£ 
£fr2YTi£J|fe (1.6%h'jy 0.5% NaCl) 2 'J <y hvl/T'. 

30*C* 24~30NFP B ^SLfc o *S«fttf^3iffiL*:ffi#£, 300 ml ©7-fe r->fc 
ct *3 IStfa LA: 0 £ft£»flaMi£> 200 ml O ? d d *;UA/;< ? / (9/1) t? 
2@fatBU ftRMfcllLfco c*i£>Jvft<D? on*;l/A/> 

(9/1) fCfcft¥SL ^U*tta¥©#ftffl->'Jrty;UTLC7*l/- h£ffl^Tx *n 
n*/UA/y (15/1) TSM-r5C<bJC«k«9. li^nv hr5"7^ 

- (TLC) £frofc 0 7cOgfefe*li^ C©TLClc«fc*), in**-, Mi. Rf m 
0.40. 0.54. 0.72©3X#.y hlC^nfco :nt.0fe^ TLC7b- r-d^, 
4>fi®?nD*;l/A/y (9/1) lc&/#U t7rf? 

*LH-20rt? A? p-7 (15 X 300 mm) JCjH*. ?ddWV^ 

(9/D T-mmmto-tzztizzto^ s*©**^ zn?n. m mg, 

1 mg, 2 mglf fco 

m&2tltz&%ik#0$}¥&lzm%1-Z Rf 0.72<Dfe£td\ ^-pT?1^^^ 
'H-NMR, FD-MSX^* r-yU (m/e 596) *K 7X^*if>f>i 
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JU : 2-7v* J -)V : ;-Jl 5:5:2 ICftjRU CD*'*? bfrteMfeLtz 

f-y (msai** 8 w&m) tmfeitzo ttz, ri o.54©fe&i*> *©&^- 

oJiax^^ h;l/ x 'H-NMRn FD-MS*'*? h/U (m/e 582) ^ i5i^ ->'J*y;UTL 
C©#»& (^DOtW^/-^ (15/1) TCDSMTRffilO. 54) 4 
HfT+lf^f-y («WHatt» 8 H#JR) il§l^$n^o tt*>\ Rf 0.40 

(15/1) -CMMT©Rf fitO. 40) . fc<fcO\ ?HR6//C, ,(3. 9 x 

300 mm) (* * - * -XttSS!) WcHPLC©#Ifrg y- * / 

— 7 D'V-M90/6/4m.O ml/ #©j$gT*©gK}-eRT6. 5 #) a<-t?7 
*V>?-><Dtem8, (BASFft«l) i-r^r-ilcLA:^*, *4Mttt*ElS©-tf7 

8 H#JR) T?*5:i*<^-jfc. 

HJfe0>J9 (1) <fc*K Haematococcus©^ h£#A8l&itfc^ (bkt) tt % 
a*->£gg<{: LTx x**y >£*lTrt >**1f>f->^©£*£llMiE-*-**- 
hS3>A»* (y8-carotene ketolase) *3- KLT^SCtttW^-e** (* 

f-b>l£*lr> hgK^&LTL*? Cfc**LT^S. C©«fc5tt*H 

*f#o**tt^*T»&nTl*tt*ofct>©T**. S&fc, XMS0I9 (2) 
Haeaatococcus©bktit£?(ix ±E©fittfil*Hw, -tf 7** >££H<t I 

4-y Y^T*V>*y*1&TT***Vy*y^<OWfoZteMtZ>'r hS 
£A6*& (zeaxanthin ketolase) C <h ttWfr-e*S UMBI 

M) • C©Ctttlo©»*BKT36<3-Rtf 3'* - t Kp* *J >3S© 

4fifcfc«fctf 4* ttoyfU>S*l>i<iHMi:^LtLi9Ci^Lt 
US. C©J:^tt*tl*»o**fe^*T?*P&nTV^j:^ofcfc©T*So L/c 
i<ot, Haematococcus©* h£WAB*ftfi?bkt tt, 3 fit (3* fit) ©ttB 
(C7KBfS*<MinLT^-5 LTV»<£i.Mc*^*)*)tt<, 4& (4* &) ©yf-u> 
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*r hS^ABt^ (£-ionone or 3-hydroxy-/3-ionone ring ketolase) £a — K 

— # N tt^^^«BSBrwinia-^^R!ciailllRho<lobacter©*o^/-r K&j£it£ 

Brwinia© 'J a >»fc**itfc?T?**crtYtt V 3 ev^O^-f o*B« 
LTSftt*o Lfc^oT, Rhodobacter©? 4 hi>ftf a ^--tfitfe^crt 

Cft(CErwinia©crtY£f£ffi V -f o X# 1/ VICfcttS »J alf>i*a 

nf ^14t5 (Linden, H. , Misawa, N., Chamovitz, D.. Pecker, I., Hir 
schberg, J., Sandmann, G. , "Functional complementation in Bscherichi 
a coli of different phytoene desaturase genes and analysis of accumulate 
d carotenes". Z. Naturforsch. . 46c, p. 1045-1051, 1991) » ttz, #&Bfllc 

*<»A$n/:4 y n?r**>f->*<^iatsns« cmi*. BKT#gff©¥#© 

m^LT4MIi:y hg^3|CA^S^^i%^.SC<i:A<T^So — 
ErwiniaOcrtE, crtB N crtk crtY^ crtZ SfiT- *W"#"S*BHtt* WiELfc«fc 
■Sic, -i?7*1r *©+IHIftBft«liLT, 0-1jb*>IZ 

io*»Jt*<»A*nfci8-^ y 7 h** 

Citt, *CKBKW#4-r4 4s 0-9 l ) 7 h+^^f-^^rSKi LT3'-t K 
tl t> ICBKTri<ftffl LT7x-3+t>f >££li!c-f 5Ci J&«"C ISit^iCi 

tt^fcU>"C*S£S*>n*o HaematococcusiMX^tt^WT 
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* >m£.Wi£.®T'& SPhaffia rhodozymaK*H*Tte, 7***U->^ ytpfilR 
P&mtiit LT3- 1 Ko*->x**y ^7ii3*t>f >*<^til$nT^-5 
(Andrewes, A. C. . Phaff, H. J., Starr, M. P., "Carotenoids of Phaffia 
rhodozyma, a red-pi gmen ted fermenting yeast". Phytochemistry, 15, p. 100 
3-1007. 1976) o fit±©C£J:»K % 8 ElK* LtzT***V ><D±gftftf 

Ml 0J flfcCDiH&Haematococcus ©SfefeftDN Alzftt ZWyftVr 
ffeOH&Haematococcus ®&&#±K&mitzm£mm&*7fitfammt> 
H&frHifr&lkMLtZo %M9\2 fciBL/rHaematococcus pluvial is NIBS-144^ 
<t>©£DNA©IH8!!&<h|o| C^T'Haematococcus lacustris UTBX 294£Haemat 
ococcus lacustris C-392 ©£DNA£IBJ$!!L> Haematococcus pluvial i s NIBS 
M44©£DNA£*fc$i||lB&$HindNU PstI&5WiXbalTffi*tLT7#o- 
*yvMtft#»tt-p#«Lfc. #*tL/cDNAKfrtt£0.5N NaOH , 1.5M NaCl © 
7;u# U LfcSL -iftHtt'fD^^ >yi/>i:F7>77 7 -$ 

-trfco DNAA<IRi&t^^'1'D>y >yu>*/N^y»;^>THf-i/ g >^^ (6 
xDenhardU 5 xSSC . 0.2X SDS, 100//g/inl ssDNA) fc»U 4 BllUk 55*0^ 
yu/W^'J^^t'-^ay^ofco fclcoktitfE^cDl^kb DNABrM"^Meg 
aprime™ DNA labelling systems (7^7">*/0 £ [a -* ! P]dCTP (—110 TBq/ 

i$Hk ss^t'W?' 1 ; ^ -tf-^a >£frofc„ 7 *v -t?- 3 2 

xSSC , 0.1XSDS 1 tflBlftfrU h 5 5?**' 5 7 * -Id «fc oTfilsJ 

&&7fit Lilted Haematococcus pluvialis NIES-144T&. Hi 
ndlll £Hb«rF15klK lOkb, 1. 9kb „ PstlM$jTr(i6. lkb , 3.3kb % 2.8kb , 
2.3kb .2. Okb % 1. 4kb , 0.8kb . Xbal$ lkb Ofefef C-tnt'tlS^ > 

Vi-jW&bntZo CtlKttlX. Haematococcus lacustris UTBX 294"e(i. Hi 
ndlll M®T'l5kb. 7. 7kb „ 1. 9kb % PstI$MT'10kb, 5. Okb * 4. Okb . 3. 
4kb . 2.9kb „ 1. 5kb % 0. 82kb, XbalfiHb^T'li20kb&±©D N AtDtiLMtzlHz 
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^tlZ'tl&i^'sri-jVfimZtl^ Haematococcus lacustris C-392 Ttex Hindll 
I 7iHfc^T15kb, 12kb, 1. 9kb % ?sl\mit®}X'i±G.5 kb, 3.0kb % 2. 3kb > 2.0k 
b , 1.4kb , 0.8kb , XbilffiitMT'&S. 2 kb<D&&z%n?ftm\i/ 
h>tltz (1(11212) o 
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B£?|J©£$ : 3 2 0 



£.$J:S : Haematococcus pluvial is 
ft£ : NIBS-144 

Met His Val Ala Ser Ala Leu Met Val Glu Gin Lys Gly Ser Glu 
15 10 15 

Ala Ala Ala Ser Ser Pro Asp Val Leu Arg Ala Trp Ala Thr Gin 

20 25 30 

Tyr His Met Pro Ser Glu Ser Ser Asp Ala Ala Arg Pro Ala Leu 

35 40 45 

Lys His Ala Tyr Lys Pro Pro Ala Ser Asp Ala Lys Gly lie Thr 

50 55 60 

Met Ala Leu Thr He lie Gly Thr Trp Thr Ala Val Phe Leu His 

65 70 75 

Ala lie Phe Gin lie Arg Leu Pro Thr Ser Met Asp Gin Leu His 

80 85 90 

Trp Leu Pro Val Ser Glu Ala Thr Ala Gin Leu Leu Gly Gly Ser 

95 100 105 

Ser Ser Leu Leu His He Ala Ala Val Phe lie Val Leu Glu Phe 

110 115 120 

Leu Tyr Thr Gly Leu Phe He Thr Thr His Asp Ala Met His Gly 

125 130 135 

Thr lie Ala Leu Arg His Arg Gin Leu Asn Asp Leu Leu Gly Asn 
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140 145 150 

He Cys He Ser Leu Tyr Ala Trp Phe Asp Tyr Ser Met Leu His 

155 160 165 

Arg Lys His Trp Glu His His Asn His Thr Gly Glu Val Gly Lys 

170 175 180 

Asp Pro Asp Phe His Lys Gly Asn Pro Gly Leu Val Pro Trp Phe 

185 190 195 

Ala Ser Phe Met Ser Ser Tyr Met Ser Leu Trp Gin Phe Ala Arg 

200 205 210 

Leu Ala Trp Trp Ala Val Val Met Gin Met Leu Gly Ala Pro Met 

215 220 225 

Ala Asn Leu Leu Val Phe Met Ala Ala Ala Pro He Leu Ser Ala 

230 235 240 

Phe Arg Leu Phe Tyr Phe Gly Thr Tyr Leu Pro His Lys Pro Glu 

245 250 255 

Pro Gly Pro Ala Ala Gly Ser Gin Val Met Ala Trp Phe Arg Ala 

260 265 270 

Lys Thr Ser Glu Ala Ser Asp Val Met Ser Phe Leu Thr Cys Tyr 

275 280 285 

His Phe Asp Leu His Trp Glu His His Arg Trp Pro Phe Ala Pro 

290 295 300 

Trp Trp Gin Leu Pro His Cys Arg Arg Leu Ser Gly Arg Gly Leu 

305 310 315 

Val Pro Ala Leu Ala 

320 

mm^: 2 

B£?»J©g£ : 3 1 3 
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h'foy- : mm 



'• Haematococcus pluvial is 
WZ : NIBS-144 
E?IJ 

Met Val Glu Gin Lys Gly Ser Glu Ala Ala Ala Ser Ser Pro Asp 

15 10 15 

Val Leu Arg Ala Trp Ala Thr Gin Tyr His Met Pro Ser Glu Ser 

20 25 30 

Ser Asp Ala Ala Arg Pro Ala Leu Lys His Ala Tyr Lys Pro Pro 

35 40 45 

Ala Ser Asp Ala Lys Gly lie Thr Met Ala Leu Thr He lie Gly 

50 55 60 

Thr Trp Thr Ala Val Phe Leu His Ala lie Phe Gin lie Arg Leu 

65 70 75 

Pro Thr Ser Met Asp Gin Leu His Trp Leu Pro Val Ser Glu Ala 

80 85 90 

Thr Ala Gin Leu Leu Gly Gly Ser Ser Ser Leu Leu His He Ala 

95 100 105 

Ala Val Phe He Val Leu Glu Phe Leu Tyr Thr Gly Leu Phe lie 

110 115 120 

Thr Thr His Asp Ala Met His Gly Thr lie Ala Leu Arg His Arg 

125 130 135 

Gin Leu Asn Asp Leu Leu Gly Asn He Cys He Ser Leu Tyr Ala 

140 145 150 

Trp Phe Asp Tyr Ser Met Leu His Arg Lys His Trp Glu His His 

155 160 165 

Asn His Thr Gly Glu Val Gly Lys Asp Pro Asp Phe His Lys Gly 
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170 175 180 
Asn Pro Cly Leu Val Pro Trp Phe Ala Ser Phe Met Ser Ser Tyr 

185 190 195 
Met Ser Leu Trp Gin Phe Ala Arg Leu Ala Trp Trp Ala Val Va! 

200 205 210 
Met Gin Met Leu Giy Ala Pro Met Ala Asn Leu Leu Val Phe Met 

215 220 225 

Ala Ala Ala Pro He Leu Ser Ala Phe Arg Leu Phe Tyr Phe Gly 

230 235 240 

Thr Tyr Leu Pro His Lys Pro GIu Pro Gly Pro Ala Ala Gly Ser 

245 250 255 

Gin Val Met Ala Trp Phe Arg Ala Lys Thr Ser Glu Ala Ser Asp 

260 265 270 

Val Met Ser Phe Leu Thr Cys Tyr His Phe Asp Leu His Trp Glu 

275 280 285 

His His Arg Trp Pro Phe Ala Pro Trp Trp Gin Leu Pro His Cys 

290 295 300 

Arg Arg Leu Ser Gly Arg Gly Leu Val Pro Ala Leu Ala 

305 310 313 



E?"]#-t : 3 
BB?iJ®g£ : 2 8 8 
BS?|J0S : 7 $ J& 

: Haematococcus pluvial is 
: NIES-144 

mm 



3 1 



WO 96/06172 PCT/JP95/01640 

Met Pro Ser Glu Ser Ser Asp Ala Ala Arg Pro Ala Leu Lys His 
15 10 15 

Ala Tyr Lys Pro Pro Ala Ser Asp Ala Lys Gly lie Thr Met Ala 
20 25 30 

Leu Thr lie He Gly Thr Trp Thr Ala Val Phe Leu His Ala lie 
35 40 45 

Phe Gin lie Arg Leu Pro Thr Ser Met Asp Gin Leu His Trp Leu 
50 55 60 

Pro Val Ser Glu Ala Thr Ala Gin Leu Leu Gly Gly Ser Ser Ser 
65 70 75 

Leu Leu His He Ala Ala Val Phe He Val Leu Glu Phe Leu Tyr 
80 85 90 

Thr Gly Leu Phe He Thr Thr His Asp Ala Met His Gly Thr He 
95 100 105 

Ala Leu Arg His Arg Gin Leu Asn Asp Leu Leu Gly Asn He Cys 
110 115 120 

He Ser Leu Tyr Ala Trp Phe Asp Tyr Ser Met Leu His Arg Lys 
125 130 135 

His Trp Glu His His Asn His Thr Gly Glu Val Gly Lys Asp Pro 
140 145 150 

Asp Phe His Lys Gly Asn Pro Gly Leu Val Pro Trp Phe Ala Ser 
155 160 165 

Phe Met Ser Ser Tyr Met Ser Leu Trp Gin Phe Ala Arg Leu Ala 
170 175 180 

Trp Trp Ala Val Val Met Gin Met Leu Gly Ala Pro Met Ala Asn 
185 190 195 

Leu Leu Val Phe Met Ala Ala Ala Pro He Leu Ser Ala Phe Arg 
200 205 210 

Leu Phe Tyr Phe Gly Thr Tyr Leu Pro His Lys Pro Glu Pro Gly 
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215 220 225 

Pro Ala Ala Cly Ser Gin Val Met Ala Trp Phe Arg Ala Lys Thr 

230 235 240 

Ser Glu Ala Ser Asp Val Met Ser Phe Leu Thr Cys Tyr His Phe 

245 250 255 

Asp Leu His Trp Glu His His Arg Trp Pro Phe Ala Pro Trp Trp 

260 265 270 

Gin Leu Pro His Cys Arg Arg Leu Ser Gly Arg Gly Leu Val Pro 

275 280 285 

Ala Leu Ala 
288 



E?'J#^ : 4 
mn<D&Z : 1 6 7 7 

wm<dw : mm 
mv>& : 

mnoum : c dna 

: Haematococcus pluvial is 
: NIBS-144 

CGGGGCAACT CAAGAAATTC AACAGCTGCA AGCGCGCCCC AGCCTCACAG CGCCAAGTGA 60 
GCTATCGACG TGGTTGTGAG CGCTCGACGT GGTCCACTGA CGGGCCTGTG AGCCTCTGCG 120 
CTCCGTCCTC TGCCAAATCT CGCGTCGGGG CCTGCCTAAG TCGAAGAATG CAC GTC 176 

Met His Val 
1 

CCA TCG GCA CTA ATG GTC GAG CAG AAA GGC AGT GAG GCA GCT GCT TCC 224 
Ala Ser Ala Leu Met Val Glu Gin Lys Gly Ser Glu Ala Ala Ala Ser 
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5 10 15 

AGC CCA GAC GTC TTG AGA GCG TGG GCG ACA CAG TAT CAC ATG CCA TCC 272 

Ser Pro Asp Val Leu Arg Ala Trp Ala Thr Gin Tyr His Met Pro Ser 

20 25 30 35 

GAG TCG TCA GAC GCA GCT CGT CCT GCG CTA AAG CAC GCC TAC AAA CCT 320 

Glu Ser Ser Asp Ala Ala Arg Pro Ala Leu Lys His Ala Tyr Lys Pro 

40 45 50 

CCA GCA TCT GAC GCC AAG GGC ATC ACG ATG GCG CTG ACC ATC ATT CGC 368 

Pro Ala Ser Asp Ala Lys Gly He Thr Met Ala Leu Thr lie lie Gly 

55 60 65 

ACC TGG ACC GCA GTG TTT TTA CAC GCA ATA TTT CAA ATC AGG CTA CCG 416 

Thr Trp Thr Ala Val Phe Leu His Ala He Phe Gin He Arg Leu Pro 

70 75 80 

ACA TCC ATG GAC CAG CTT CAC TGG TTG CCT GTG TCC GAA GCC ACA GCC 464 

Thr Ser Met Asp Gin Leu His Trp Leu Pro Val Ser Glu Ala Thr Ala 

85 90 95 

CAG CTT TTG GGC GGA AGC AGC AGC CTA CTG CAC ATC GCT GCA GTC TTC 512 

Gin Leu Leu Gly Gly Ser Ser Ser Leu Leu His Ue Ala Ala Val Phe 
100 105 110 115 

ATT GTA CTT GAG TTC CTG TAC ACT GGT CTA TTC ATC ACC ACA CAT GAC 560 

He Val Leu Glu Phe Leu Tyr Thr Gly Leu Phe He Thr Thr His Asp 

120 125 130 

GCA ATG CAT GGC ACC ATA GCT TTG AGG CAC AGG CAG CTC AAT GAT CTC 608 

Ala Met His Gly Thr He Ala Leu Arg His Arg Gin Leu Asn Asp Leu 

135 140 145 

CTT GGC AAC ATC TGC ATA TCA CTG TAC GCC TGG TTT GAC TAC AGC ATG 656 

Leu Gly Asn He Cys He Ser Leu Tyr Ala Trp Phe Asp Tyr Ser Met 

150 155 160 

CTG CAT CGC AAG CAC TGG GAG CAC CAC AAC CAT ACT GGC GAA GTG GGG 704 
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Leu His Arg Lys His Trp Clu His His Asn His Thr Gly Glu Val Gly 

165 170 175 

AAA GAC CCT GAC TTC CAC AAG GGA AAT CCC GGC CTT GTC CCC TGG TTC 752 
Lys Asp Pro Asp Phe His Lys Gly Asn Pro Gly Leu Val Pro Trp Phe 
180 185 190 195 

GCC AGC TTC ATG TCC AGC TAC ATG TCC CTG TGG CAG TTT GCC CGG CTG 800 
Ala Ser Phe Met Ser Ser Tyr Met Ser Leu Trp Gin Phe Ala Arg Leu 

200 205 210 

GCA TGG TGG GCA GTG GTG ATG CAA ATG CTG GGG GCG CCC ATG GCA AAT 848 
Ala Trp Trp Ala Val Val Met Gin Met Leu Gly Ala Pro Met Ala Asn 

215 220 225 

CTC CTA GTC TTC ATG GCT GCA GCC CCA ATC TTG TCA GCA TTC CGC CTC 896 
Leu Leu Val Phe Met Ala Ala Ala Pro lie Leu Ser Ala Phe Arg Leu 

230 235 240 

TTC TAC TTC GGC ACT TAC CTG CCA CAC AAG CCT GAG CCA GGC CCT GCA 944 
Phe Tyr Phe Gly Thr Tyr Leu Pro His Lys Pro Glu Pro Gly Pro Ala 

245 250 255 

GCA GGC TCT CAG GTG ATG GCC TGG TTC AGG GCC AAG ACA ACT GAG GCA 992 
Ala Gly Ser Gin Vai Met Ala Trp Phe Arg Ala Lys Thr Ser Glu Ala 
260 265 270 275 

TCT GAT GTG ATG AGT TTC CTG ACA TGC TAC CAC TTT GAC CTG CAC TGG 1040 
Ser Asp Val Met Ser Phe Leu Thr Cys Tyr His Phe Asp Leu His Trp 

280 285 290 

GAG CAC CAC AGG TGG CCC TTT GCC CCC TGG TGG CAG CTG CCC CAC TGC 1088 
Glu His His Arg Trp Pro Phe Ala Pro Trp Trp Gin Leu Pro His Cys 

295 300 305 

CGC CGC CTG TCC GGG CGT GGC CTG GTG CCT GCC TTG GCA TGACCTGGTC 1137 
Arg Arg Leu Ser Gly Arg Gly Leu Val Pro Ala Leu Ala 
310 315 320 
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CCTCCGCTGG TGACCCAGCG TCTGCACAAG 
GGCAGCGCAG TGCACTCTCA GCCTGTATGG 
TGCCACTGAG CACTGGGCGT GCTACTGAGC 
TACTGACAAT GGGCGTGCTA CTGGGGTCTG 
AGTAGCGGTG GCCAACGTCA TGTGGATGGT 
TTTGAGAGGG CTAAGTTATA AATCGCATGC 
GGGAAATCCC TTCGAGAGTG ATTATGGGAC 
TCAGCAGCAG TACTTAGTGA GGGTGAGAGC 
AACCTGGTCA GCGAGGTGAA CAGCCTGTAA 





PCT/JP95/01640 




AGTGTCATGC 


TACAGGGTGC TGCGGCCAGT 


1197 


GGCTACCGCT 


GTGCCACTGA GCACTGGGCA 


1257 


AATGGGCGTG 


CTACTGAGCA ATGGGCGTGC 


1317 


GCAGTGGCTA 


GGATGGAGTT TGATGCATTC 


1377 


GGAAGTGCTG 


AGGGGTTTAG GCAGCCGGCA 


1437 


TGCTCATGCG 


CACATATCTG CACACAGCCA 


1497 


ACTTGTATTG 


GTTTCGTGCT ATTGTTTTAT 


1557 


AGGGTGGTGA 


GAGTGGAGTG AGTGAGTATG 


1617 


TGAATGACTC 


TGTCTAAAAA AAAAAAAAAA 


1677 



BE3*J#^ : 5 
K?"J©g$ : 9 6 3 
E?|J©S2 : mSL 
«SCD» : -*tfi 

W3\V>W& : c D N A 

£M%> : Haenatococcus pluvial is 
: NIBS-144 

ATG CAC GTC GCA TCG GCA CTA ATG GTC GAG CAG AAA GGC ACT GAG 45 

Met His Val Ala Ser Ala Leu Met Vai Glu Gin Lys Gly Ser Glu 
15 10 15 

GCA GCT GCT TCC AGC CCA GAC GTC TTG AGA GCG TGG GCG ACA CAG 90 

Ala Ala Ala Ser Ser Pro Asp Val Leu Arg Ala Trp Ala Thr Gin 

20 25 30 

TAT CAC ATG CCA TCC GAG TCG TCA GAC GCA GCT CGT CCT GCG CTA 135 

Tyr His Met Pro Ser Glu Ser Ser Asp Ala Ala Arg Pro Ala Leu 

35 40 45 
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AAG CAC CCC TAC AAA CCT CCA CCA TCT GAC CCC AAG GGC ATC ACG 180 
Lys His Ala Tyr Lys Pro Pro Ala Ser Asp Ala Lys Gly lie Thr 
50 55 60 

ATG GCG CTG ACC ATC ATT GGC ACC TGG ACC GCA GTG TTT TTA CAC 225 
Met Ala Leu Thr lie lie Gly Thr Trp Thr Ala Val Phe Leu His 
65 70 75 

GCA ATA TTT CAA ATC AGG CTA CCG ACA TCC ATG GAC CAG CTT CAC 270 
Ala He Phe Gin He Arg Leu Pro Thr Ser Met Asp Gin Leu His 
80 85 90 

TGG TTG CCT GTG TCC GAA GCC ACA GCC CAG CTT TTG GGC GGA AGC 315 
Trp Leu Pro Val Ser Glu Ala Thr Ala Gin Leu Leu Gly Gly Ser 
95 100 105 

AGC AGC CTA CTG CAC ATC GCT GCA GTC TTC ATT GTA CTT GAG TTC 360 
Ser Ser Leu Leu His He Ala Ala Val Phe He Val Leu Glu Phe 
110 115 120 

CTG TAC ACT GGT CTA TTC ATC ACC ACA CAT GAC GCA ATG CAT GGC 405 
Leu Tyr Thr Gly Leu Phe He Thr Thr His Asp Ala Met His Gly 
125 130 135 

ACC ATA GCT TTG AGG CAC AGG CAG CTC AAT GAT CTC CTT GGC AAC 450 
Thr He Ala Leu Arg His Arg Gin Leu Asn Asp Leu Leu Gly Asn 
140 145 150 

ATC TGC ATA TCA CTG TAC GCC TGG TTT GAC TAC AGC ATG CTG CAT 495 
He Cys He Ser Leu Tyr Ala Trp Phe Asp Tyr Ser Met Leu His 
155 160 165 

CGC AAG CAC TGG GAG CAC CAC AAC CAT ACT GGC GAA GTG GGG AAA 540 
Arg Lys His Trp Glu His His Asn His Thr Gly Glu Val Gly Lys 
170 175 180 

GAC CCT GAC TTC CAC AAG GGA AAT CCC GGC CTT GTC CCC TGG TIC 585 
Asp Pro Asp Phe His Lys Gly Asn Pro Gly Leu Val Pro Trp Phe 
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185 190 195 

GCC ACC TTC ATC TCC ACC TAC ATG TCC CTG TGG CAG TTT GCC CGG 630 
Ala Ser Phe Met Ser Ser Tyr Met Ser Leu Trp Gin Phe Ala Arg 

200 205 210 

CTG GCA TGG TGG GCA GTG GTG ATG CAA ATG CTG GGG GCG CCC ATG 675 
Leu Ala Trp Trp Ala Val Val Met Gin Met Leu Gly Ala Pro Met 

215 220 225 

GCA AAT CTC CTA GTC TTC ATG GCT GCA GCC CCA ATC TTG TCA GCA 720 
Ala Asn Leu Leu Val Phe Met Ala Ala Ala Pro lie Leu Ser Ala 

230 235 240 

TTC CGC CTC TTC TAC TTC GGC ACT TAC CTG CCA CAC AAG CCT GAG 765 
Phe Arg Leu Phe Tyr Phe Gly Thr Tyr Leu Pro His Lys Pro Glu 

245 250 255 

CCA GGC CCT GCA GCA GGC TCT CAG GTG ATG GCC TGG TTC AGG GCC 810 
Pro Gly Pro Ala Ala Gly Ser Gin Val Met Ala Trp Phe Arg Ala 

260 265 270 

AAG ACA AGT GAG GCA TCT GAT GTG ATG AGT TTC CTG ACA TGC TAC 855 
Lys Thr Ser Glu Ala Ser Asp Val Met Ser Phe Leu Thr Cys Tyr 

275 280 285 

CAC TTT GAC CTG CAC TGG GAG CAC CAC AGG TGG CCC TTT GCC CCC 900 
His Phe Asp Leu His Trp Glu His His Arg Trp Pro Phe Ala Pro 
290 295 300 

TGG TGG CAG CTG CCC CAC TGC CGC CGC CTG TCC GGG CGT GGC CTG 945 
Trp Trp Gin Leu Pro His Cys Arg Arg Leu Ser Gly Arg Gly Leu 
305 310 315 

GTG CCT GCC TTG GCA TGA 963 
Val Pro Ala Leu Ala 
320 
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mym^r 6 

E?lJ©g£ : 9 4 2 

mwom : mwt 
ae?ijos^ : c DNA 

&$5£ : Haematococcus pluvial is 
tt* : NIBS-144 

ATG GTC GAG CAG AAA GGC ACT GAG GCA GCT GCT TCC AGC CCA GAC 45 
Met Val Glu Gin Lys Gly Ser Glu Ala Ala Ala Ser Ser Pro Asp 
15 10 15 

GTC TTG AGA GCG TGG GCG ACA CAG TAT CAC ATG CCA TCC GAG TCG 90 
Val Leu Arg Ala Trp Ala Thr Gin Tyr His Met Pro Ser Glu Ser 
20 25 30 

TCA GAC GCA GCT CGT CCT GCG CTA AAG CAC GCC TAC AAA CCT CCA 135 
Ser Asp Ala Ala Arg Pro Ala Leu Lys His Ala Tyr Lys Pro Pro 
35 40 45 

GCA TCT GAC GCC AAG GGC ATC ACG ATG GCG CTG ACC ATC ATT GGC 180 
Ala Ser Asp Ala Lys Gly He Thr Met Ala Leu Thr He lie Gly 
50 55 60 

ACC TGG ACC GCA GTG TTT TTA CAC GCA ATA TTT CAA ATC AGG CTA 225 
Thr Trp Thr Ala Val Phe Leu His Ala He Plie Gin He Arg Leu 
65 70 75 

CCG ACA TCC ATG GAC CAG CTT CAC TGG TTG CCT GTG TCC GAA GCC 270 
Pro Thr Ser Met Asp Gin Leu His Trp Leu Pro Val Ser Glu Ala 
80 85 90 

ACA GCC CAG CTT TTG GGC GGA AGC AGC AGC CTA CTG CAC ATC GCT 315 
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Thr Ala Gin Leu Leu Gly Gly Ser Ser Ser Leu Leu His lie Ala 
95 100 105 

GCA GTC TTC ATT GTA CTT GAG TTC CTG TAC ACT GGT CTA TTC ATC 360 
Ala Val Phe lie Val Leu Glu Phe Leu Tyr Thr Gly Leu Phe He 

110 115 120 

ACC ACA CAT GAC GCA ATG CAT GGC ACC ATA GCT TTG AGG CAC AGG 405 
Thr Thr His Asp Ala Met His Gly Thr lie Ala Leu Arg His Arg 

125 130 135 

CAG CTC AAT GAT CTC CTT GGC AAC ATC TGC ATA TCA CTG TAC GCC 450 
Gin Leu Asn Asp Leu Leu Gly Asn He Cys He Ser Leu Tyr Ala 

140 145 150 

TGG TTT GAC TAC AGC ATG CTG CAT CGC AAG CAC TGG GAG CAC CAC 495 
Trp Phe Asp Tyr Ser Met Leu His Arg Lys His Trp Glu His His 

155 160 165 

AAC CAT ACT GGC GAA GTG GGG AAA GAC CCT GAC TTC CAC AAG GGA 540 
Asn His Thr Gly Glu Val Gly Lys Asp Pro Asp Phe His Lys Gly 

170 175 180 

AAT CCC GGC CTT GTC CCC TGG TTC GCC AGC TTC ATG TCC AGC TAC 585 
Asn Pro Gly Leu Val Pro Trp Phe Ala Ser Phe Met Ser Ser Tyr 

185 190 195 

ATG TCC CTG TGG CAG TTT GCC CGG CTG GCA TGG TGG GCA GTG GTG 630 
Met Ser Leu Trp Gin Phe Ala Arg Leu Ala Trp Trp Ala Val Val 

200 205 210 

ATG CAA ATG CTG GGG GCG CCC ATG GCA AAT CTC CTA GTC TTC ATG 675 
Met Gin Met Leu Giy Ala Pro Met Ala Asn Leu Leu Val Phe Met 

215 220 225 

GCT GCA GCC CCA ATC TTG TCA GCA TTC CGC CTC TTC TAC TTC GGC 720 
Ala Ala Ala Pro He Leu Ser Ala Phe Arg Leu Phe Tyr Phe Gly 

230 235 240 
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ACT TAC CTG CCA CAC AAG CCT GAG CCA GGC CCT GCA GCA GGC TCT 765 
Thr Tyr Leu Pro His Lys Pro Glu Pro Gly Pro Ala Ala Gly Ser 

245 250 255 

CAG GTG ATG GCC TGG TTC AGG GCC AAG ACA AGT GAG GCA TCT GAT 810 
Gin Val Met Ala Trp Phe Arg Ala Lys Thr Ser Glu Ala Ser Asp 

260 265 270 

GTG ATG AGT TTC CTG ACA TGC TAC CAC TTT GAC CTG CAC TGG GAG 855 
Val Met Ser Phe Leu Thr Cys Tyr His Phe Asp Leu His Trp Glu 

275 280 285 

CAC CAC AGG TGG CCC TTT GCC CCC TGG TGG CAG CTG CCC CAC TGC 900 
His His Arg Trp Pro Phe Ala Pro Trp Trp Gin Leu Pro His Cys 

290 295 300 

CGC CGC CTG TCC GGG CGT GGC CTG GTG CCT GCC TTG GCA TGA 942 
Arg Arg Leu Ser Gly Arg Gly Leu Val Pro Ala Leu Ala 

305 310 313 

BE^JS^- : 7 
ge^lJCDS^ : 8 6 7 

mom : 

&mv>mm : c DNA 

£&f£ : Haematococcus pluvial is 
J*£ : NIBS-144 

ATG CCA TCC GAG TCG TCA GAC GCA GCT CGT CCT GCG CTA AAG CAC 45 
Met Pro Ser Glu Ser Ser Asp Ala Ala Arg Pro Ala Leu Lys His 
1 5 10 15 
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GCC TAC AAA CCT CCA CCA TCT GAC CCC AAG GGC ATC ACG ATG GCG 90 

Ala Tyr Lys Pro Pro Ala Ser Asp Ala Lys Gly He Thr Met Ala 

20 25 30 

CTG ACC ATC ATT GGC ACC TGG ACC GCA GTG TTT TTA CAC GCA ATA 135 

Leu Thr lie lie Gly Thr Trp Thr Ala Val Phe Leu His Ala He 

35 40 45 

TTT CAA ATC AGG CTA CCG ACA TCC ATG GAC CAG CTT CAC TGG TTG 180 

Phe Gin He Arg Leu Pro Thr Ser Met Asp Gin Leu His Trp Leu 

50 55 60 

CCT GTG TCC GAA GCC ACA GCC CAG CTT TTG GGC GGA AGC AGC AGC 225 

Pro Val Ser Glu Ala Thr Ala Gin Leu Leu Gly Gly Ser Ser Ser 

65 70 75 

CTA CTG CAC ATC GCT GCA GTC TTC ATT GTA CTT GAG TTC CTG TAC 270 

Leu Leu His He Ala Ala Val Phe lie Val Leu Glu Phe Leu Tyr 

80 85 90 

ACT GGT CTA TTC ATC ACC ACA CAT GAC GCA ATG CAT GGC ACC ATA 315 

Thr Gly Leu Phe He Thr Thr His Asp Ala Met His Gly Thr lie 

95 100 105 

GCT TTG AGG CAC AGG CAG CTC AAT GAT CTC CTT GGC AAC ATC TGC 360 

Ala Leu Arg His Arg Gin Leu Asn Asp Leu Leu Gly Asn lie Cys 

110 115 120 

ATA TCA CTG TAC GCC TGG TTT GAC TAC AGC ATG CTG CAT CGC AAG 405 

He Ser Leu Tyr Ala Trp Phe Asp Tyr Ser Met Leu His Arg Lys 

125 130 135 

CAC TGG GAG CAC CAC AAC CAT ACT GGC GAA GTG GGG AAA GAC CCT 450 

His Trp Glu His His Asn His Thr Gly Glu Val Gly Lys Asp Pro 

140 145 150 

GAC TTC CAC AAG GGA AAT CCC GGC CTT GTC CCC TGG TTC GCC AGC 495 

Asp Phe His Lys Gly Asn Pro Gly Leu Val Pro Trp Phe Ala Ser 
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155 160 165 

TTC ATG TCC AGC TAC ATC TCC CTG TGG CAG TTT GCC CGG CTG GCA 540 
Phe Met Ser Ser Tyr Met Ser Leu Trp Gin Phe Ala Arg Leu Ala 

170 175 180 

TGG TGG GCA GTG GTG ATG CAA ATG CTG GGG GCG CCC ATG GCA AAT 585 
Trp Trp Ala Val Val Met Gin Met Leu Gly Ala Pro Met Ala Asn 

185 190 195 

CTC CTA GTC TTC ATG GCT GCA GCC CCA ATC TTG TCA GCA TTC CGC 630 
Leu Leu Val Phe Met Ala Ala Ala Pro He Leu Ser Ala Phe Arg 

200 205 210 

CTC TTC TAC TTC GGC ACT TAC CTG CCA CAC AAG CCT GAG CCA GGC 675 
Leu Phe Tyr Phe Gly Thr Tyr Leu Pro His Lys Pro Glu Pro Gly 

215 220 225 

CCT GCA GCA GGC TCT CAG GTG ATG GCC TGG TTC AGG GCC AAG ACA 720 
Pro Ala Ala Gly Ser Gin Val Met Ala Trp Phe Arg Ala Lys Thr 

230 235 240 

ACT GAG GCA TCT GAT GTG ATG AGT TTC CTG ACA TGC TAC CAC TTT 765 
Ser Glu Ala Ser Asp Val Met Ser Phe Leu Thr Cys Tyr His Phe 

245 250 255 

GAC CTG CAC TGG GAG CAC CAC AGG TGG CCC TTT GCC CCC TGG TGG 810 
Asp Leu His Trp Glu His His Arg Trp Pro Phe Ala Pro Trp Trp 

260 265 270 

CAG CTG CCC CAC TGC CGC CGC CTG TCC GGG CGT GGC CTG GTG CCT 855 
Gin Leu Pro His Cys Arg Arg Leu Ser Gly Arg Gly Leu Val Pro 

275 280 285 

GCC TTG GCA TGA 867 
Ala Leu Ala 
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A 

T 

ATG 
Met 

TCC 
Ser 

TCG 
Ser 

GAC 
Asp 

TTT 
Phe 

TGG 
Trp 

CTG 
Leu 

ATC 
He 

AAT 
Asn 

ATG 
Met 

GAC 
Asp 

ATG 
Met 

GTG 
Val 

GCC 
Ala 

AAG 
Lys 

AAG 
Lys 

CTG 
Leu 

TGC 

cys 



176 

CAC GTC 
His val 
230 
AGC CCA 
Ser Pro 
284 
TCA GAC 
Ser Asp 
338 
GCC AAG 
Ala Lys 
392 
TTA CAC 
Leu His 
446 
TTG CCT 
Leu Pro 
500 
CAC ATC 
His He 
554 
ACC ACA 
Thr Thr 
608 
GAT CTC 
Asp Leu 
662 
CTG CAT 
Leu His 
716 
CCT GAC 
Pro Asp 
770 
TCC AGC 
Ser Ser 
624 
ATG CAA 
Met Gin 
878 
CCA ATC 
Pro lie 
932 
CCT GAG 
Pro Glu 
986 
ACA AGT 
Thr Ser 
1040 
CAC TGG 
His Trp 
1094 
CGC CGC 
Arg Arg 



185 

GCA TCG CCA 
Ala Ser Ala 
239 

GAC GTC TTG 
Asp Val Leu 
293 

GCA GCT CGT 
Ala Ala Arg 
347 

GGC ATC ACG 
Gly lie Thr 
401 

GCA ATA TTT 
Ala He Phe 
455 

GTG TCC GAA 
Val Ser Glu 
509 

GCT GCA GTC 
Ala Ala Val 
563 

CAT GAC GCA 
His Asp Ala 
617 

CTT GGC AAC 
Leu Gly Asn 
671 

CGC AAG CAC 
Arg Lys His 
725 

TTC CAC AAG 
Phe His Lys 
779 

TAC ATG TCC 
Tyr Met Ser 
833 

ATG CTG GGG 
Met Leu Gly 
887 

TTG TCA GCA 
Leu Ser Ala 
941 

CCA GGC CCT 
Pro Gly Pro 
995 

GAG GCA TCT 
Glu Ala Ser 
1049 
GAG CAC CAC 
His His 
1103 
CTG TCC GGG 
Ser Gly 



Glu 



Leu 



194 

CTA ATG GTC 
Leu Met Val 
248 

AGA GCG TGG 
Arg Ala Trp 
302 

CCT GCG CTA 
Pro Ala Leu 
356 

ATG GCG CTG 
Met Ala Leu 
410 

CAA ATC AGG 
Gin He Arg 
464 

GCC ACA GCC 
Ala Thr Ala 
518 

TTC ATT GTA 
Phe He Val 
572 

ATG CAT GGC 
Met His Gly 
626 

ATC TGC ATA 
He Cys He 
680 

TGG GAG CAC 
Trp Glu His 
734 

GGA AAT CCC 
Gly Asn Pro 
788 

CTG TGG CAG 
Leu Trp Gin 
642 

GCG CCC ATG 
Ala Pro Met 
896 

TTC CGC CTC 
Phe Arg Leu 
950 

GCA GCA GGC 
Ala Ala Gly 
1004 
GAT GTG ATG 
Asp Val Met 
1058 
AGG TGG CCC 
Arg Trp Pro 
1112 
CGT GGC CTG 
Arg Gly Leu 



203 

GAG CAG AAA 
Glu Gin Lys 
257 

GCG ACA CAG 
Ala Thr Gin 
311 

AAG CAC GCC 
Lys His Ala 
365 

ACC ATC ATT 
Thr He He 
419 

CTA CCG ACA 
Leu Pro Thr 
473 

CAG CTT TTG 
Gin Leu Leu 
527 

CTT GAG TTC 
Leu Glu Phe 
561 

ACC ATA GCT 
Thr He Ala 
635 

TCA CTG TAC 
Ser Leu Tyr 
689 

CAC AAC CAT 
His Asn His 
743 

GGC CTT GTC 
Gly Leu Val 
797 

TTT GCC CGG 
Phe Ala Arg 
851 

GCA AAT CTC 
Ala Asn Leu 
905 

TTC TAC TTC 
Phe Tyr Phe 
959 

TCT CAG GTG 
Ser Gin Val 

1013 
AGT TTC CTG 
Ser Phe Leu 

1067 
TTT GCC CCC 
Phe Ala Pro 

1121 
GTG CCT GCC 
val Pro Ala 



212 

GGC AGT GAG 
Gly Ser Glu 
266 

TAT CAC ATG 
Tyr His Met 
320 

TAC AAA CCT 
Tyr Lys Pro 
374 

GGC ACC TGG 
Gly Thr Trp 
428 

TCC ATG GAC 
Ser Met Asp 
482 

GGC GGA AGC 
Gly Gly Ser 
536 

CTG TAC ACT 
Leu Tyr Thr 
590 

TTG AGG CAC 
Leu Arg His 
644 

GCC TGG TTT 
Ala Trp Phe 
698 

ACT GGC GAA 
Thr Gly Glu 
752 

CCC TGG TTC 
Pro Trp Phe 
606 

CTG GCA TGG 
Leu Ala Tro 
860 

CTA GTC TTC 
Leu Val Phe 
914 

GGC ACT TAC 
Gly Thr Tyr 
968 

ATG GCC TGG 
Met Ala Trp 
1022 
ACA TGC TAC 
Thr Cys Tyr 
1076 
TGG TGG CAG 
Trp Trp Gin 
1130 
TTG GCA TGA 
Leu Ala *** 

i 

D 



221 

GCA GCT GCT 
Ala Ala Ala 
275 

CCA TCC GAG 
Pro Ser Glu 
329 

CCA GCA TCT 
Pro Ala Ser 
383 

ACC GCA GTG 
Thr Ala Val 
437 

CAG CTT CAC 
Gin Leu His 
491 

AGC AGC CTA 
Ser Ser Leu 
545 

GGT CTA TTC 
Gly Leu Phe 
599 

AGG CAG CTC 
Arg Gin Leu 
653 

GAC TAC AGC 
Asp Tyr Ser 
707 

GTG GGG AAA 
Val Gly Lys 
761 

GCC AGC TTC 
Ala Ser Phe 
815 

TGG GCA GTG 
Trp Ala Val 
869 

ATG GCT GCA 

Met Ala Ala 
923 

CTG CCA CAC 
Leu Pro His 
977 

TTC AGG GCC 
Phe Arg Ala 

1031 
CAC TTT GAC 
Kis Phe Aso 

1085 
CTG CCC CAC 
Leu Pro His 
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m2m 



















T 




197 




206 






215 


ATG 


GTC 


GAG 


CAG 


AAA GGC 


AGT 


GAG 


GCA 


Met 


Val 


Glu 


Gin 


Lys Gly 


Ser 


Glu 


Ala 






251 




260 






269 


GCG 


TGG 


GCG 


ACA 


CAG TAT 


CAC 


ATG 


CCA 


Ala 


Trp Ala 


Thr 


Gin Tyr 


His 


Met 


Pro 






305 




314 






323 


GCG 


CTA 


AAG 


CAC 


GCC TAC 


AAA 


CCT 


CCA 


Ala 


Leu 


Lys 


His 


Ala Tyr 


Lvs 


Pro 


Pro 






359 




368 




377 


GCG 


CTG 


ACC 


ATC 


ATT GGC 


ACC 


TGG 


ACC 


A1& 


Leu 


Thr 


He 


.He Gly 


Thr 




Thr 






413 




422 




431 


ATC 


AGG 


CTA 


CCG 


ACA TCC 


ATG 


GAC 


CAG 


He 


Arg Leu 


Pro 


Thr Ser 


Met 


Asp 


Gin 
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476 




ID J 


ACA 


GCC 


CAG 


CTT 


TTG GGC 


GGA 


AGC 


AGC 


Thr 


Ala 


Gin 


Leu 


Leu Gly 


Glv 


Ser 


Car 






521 




530 




539 


ATT 


GTA 


CTT 


GAG 


TTC CTG 


TAC 


ACT 


GGT 


He 


Val 


Leu 


Glu 


Phe Leu 


Tvr 


Thr 


Glv 






S75 




584 






593 


CAT 


GGC 


ACC 


ATA 


GCT TTG 


AGG 


CAC 


AGG 


His 


Gly Thr 


He 


Ala Leu 


Aro 


His 


Arg 






629 




638 




647 


TGC 


ATA 


TCA 


CTG 


TAC GCC 


TGG 


TTT 


GAC 


Cys 


He 


Ser 


Leu 


Tyr Ala 


Trp 


Phe 


Asp 






683 




692 




701 


GAG 


CAC 


CAC 


AAC 


CAT ACT 


GGC 


GAA 


GTG 


Glu 


His 


His 


Asn 


His Thr 


Gly 


Glu 


Val 






737 




746 




755 


AAT 


CCC 


GGC 


CTT 


GTC CCC 


TGG 


TTC 


GCC 


Asn 


Pro Gly 


Leu 


Val Pro 


TrD 
* 


Phe 


Ala 






791 




800 




809 


TGG 


CAG 


TTT 


GCC 


CGG CTG 


GCA 


TGG 


TGG 


Trp 


Gin 


Phe 


Ala 


Arg Leu 


Ala 


Trp 


Tro 






845 




854 




863 


CCC 


ATG 


GCA 


AAT 


CTC CTA 


GTC 


TTC 


ATG 


Pro 


Met 


Ala 


Asn 


Leu Leu 


Val 


Phe 


Met 






699 




908 






917 


CGC 


CTC 


TTC 


TAC 


TTC GGC 


ACT 


TAC 


CTG 


Arg 


Leu 


Phe 


Tyr 


Phe Gly 


Thr 


Tyr 


Leu 






953 




962 




971 


GCA 


GGC 


TCT 


CAG 


GTG ATG 


GCC 


TGG 


TTC 


Ala 


Gly 


Ser 


Gin 


Val Met 


Ala 


Trp 

1 


Phe 




1007 




1016 




.025 


GTG 


ATG 


AGT 


TTC 


CTG ACA 


TGC 


TAC 


CAC 


val 


Met 


Ser 


Phe 


Leu Thr 


Cys 


Tyr 

1 


His 




1061 




1070 


079 


TGG 


CCC 


TTT 


GCC 


CCC TGG 


TGG 


CAG 


CTG i 


Trp 


Pro 


Phe 


Ala 


Pro Trp 


Trp 


Gin 


Leu 




1115 




1124 






GGC 


CTG 


GTG 


CCT 


GCC TTG 


GCA 


TGA 




Gly 


Leu 


Val 


Pro 


Ala Leu 


Ala 


* * V 





224 

GCT GCT TCC 
Ala Ala Ser 
278 

TCC GAG TCG 
Ser Glu Ser 
332 

GCA TCT CAC 
Ala Ser Asp 
386 

GCA GTG TTT 
Ala Val Phe 
440 

CTT CAC TGG 
Leu His Trp 
494 

AGC CTA CTG 
Ser Leu Leu 
548 

CTA TTC ATC 
Leu Phe He 
602 

CAG CTC AAT 
Gin Leu Asn 
656 

TAC AGC ATG 
Tyr Ser Met 
710 

GGG AAA GAC 
Gly Lys Asp 
764 

AGC TTC ATG 
Ser Phe Met 
818 

GCA GTG GTG 
Ala Val Val 
872 

GCT GCA GCC 
Ala Ala Ala 
926 

CCA CAC AAG 
Pro His Lys 
980 

AGG GCC AAG 
Arg Ala Lys 
1034 
TTT GAC CTG 
Phe Asp Leu 
1068 
CCC CAC TGC 
Pro His Cys 



AGC 
Ser 

TCA 
Ser 

GCC 
Ala 

TTA 
Leu 

TTG 
Leu 

CAC 
His 

ACC 
Thr 

GAT 
Asp 

CTG 
Leu 

CCT 
Pro 

TCC 
Ser 

ATG 
Met 

CCA 
Pro 

CCT 
Pro 

ACA 
Thr 

CAC 
His 

CGC 
Arg 



233 
CCA GAC 
Pro Asp 

267 
GAC GCA 
Asp Ala 

341 
AAG GGC 
Lys Gly 

395 
CAC GCA 
His Ala 

449 
CCT GTG 
Pro Val 

503 
ATC GCT 
He Ala 

557 
ACA CAT 
Thr His 

611 
CTC CTT 
Leu Leu 

665 
CAT CGC 
His Arg 

719 
GAC TTC 
Asp Phe 

773 
AGC TAC 
Ser Tyr 

827 
CAA ATG 
Gin Met 

881 
ATC TTG 
lie Leu 

93S 
GAG CCA 
Glu Pro 

989 
AGT GAG 
Ser Glu 
1043 
TGG GAG 
Trp Glu 
1097 
CGC CTG 
Arg Leu 



GTC 
Val 

GCT 
Ala 

ATC 
He 

ATA 
He 

TCC 
Ser 

GCA 
Ala 

GAC 
Asp 

GGC 
Gly 

AAG 
Lys 

CAC 
His 

ATG 
Met 

CTG 
Leu 

TCA 
Ser 

GGC 
Gly 

GCA 
Ala 

CAC 
His 

TCC 
Ser 



242 
TTG AGA 
Leu Arg 

296 
CGT CCT 
Arg Pro 

350 
ACG ATG 
Thr Met 

404 
TTT CAA 
Phe Gin 

458 
GAA GCC 
Glu Ala 

512 
GTC TTC 
val Phe 

566 
GCA ATG 
Ala Met 

620 
AAC ATC 
Asn He 

674 
CAC TGG 
His Trp 

728 
AAG GGA 
Lys Gly 

782 
TCC CTG 
Ser Leu 

836 
GGG GCG 
Gly Ala 

890 
GCA TTC 
Ala Phe 

944 
CCT GCA 
Pro Ala 

998 
TCT GAT 
Ser Asp 
1052 
CAC AGG 
His Arg 
1106 
GGG CGT 
Gly Arg 



i 
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T 272 281 290 299 308 317 

ATG CCA TCC GAG TCG TCA GAC CCA GCT CGT CCT GCG CTA AAG CAC GCC TAC AAA 
Met Pro Ser Glu Ser Ser Asp Ala Ala Arg Pro Ala Leu Lys His Ala Tyr Lys 

326 335 344 353 362 371 

. CCT CCA GCA TCT GAC GCC AAG GGC ATC ACC ATG GCG CTG ACC ATC ATT GGC ACC 
Pro Pro Ala Ser Asp Ala Lys Gly lie Thr Met Ala Leu Thr He He Gly Thr 

380 389 398 407 416 425 

TGG ACC GCA GTG TTT TTA CAC GCA ATA TTT CAA ATC AGG CTA CCG ACA TCC ATG 
Trp Thr Ala Val Phe Leu His Ala He Phe Gin He Arg Leu Pro Thr Ser Met 

434 44 3 452 461 470 479 

GAC ,CAG CTT CAC TGG TTG CCT GTG TCC CAA GCC ACA GCC CAG CTT TTG GGC GGA 
Asp Gin Leu His Trp Leu Pro Val Ser Glu Ala Thr Ala Gin Leu Leu Gly Gly 

488 497 506 515 524 533 

AGC AGC AGC CTA CTG CAC ATC GCT GCA GTC TTC ATT GTA CTT GAG TTC CTG TAC 
Ser Ser Ser Leu Leu His He Ala Ala Val Phe He Val Leu Glu Phe Leu Tyr 

542 551 560 569 578 567 

£hr r?3 fit 11° r? C £S C ACA CAT GAC GCA ATG CAT GGC A CC ATA GCT TTG AGG 
Thr Gly Leu Phe He Thr Thr His Asp Ala Met His Gly Thr lie Ala Leu Arg 
605 614 623 632 641 

CAC AGG CAG CTC AAT GAT CTC CTT GGC AAC ATC TGC ATA TCA CTG TAC GCC TGG 
His Arg Gin Leu Asn Asp Leu Leu Gly Asn He Cys He Ser Leu Tyr Ala Trp 
650 659 668 677 686 695 

HI ^ £ AC c GC t T 2 CTG CAT CGC AAG CAC TGG GAG CAC CAC CAT ACT GGC 

Phe Asp Tyr Ser Met Leu His Arg Lys His Trp Glu His His Asn His Thr Gly 

704 713 722 731 740 749 

GAA GTG GGG AAA GAC CCT GAC TTC CAC AAG GGA AAT CCC GGC CTT GTC CCC TGG 

Glu Val Gly Lys Asp Pro Asp Phe His Lys Gly Asn Pro Gly Leu Val Pro Trp 

758 776 785 794 803 

III III 11° l C ° AGC TAC ATG TCC CTG TGG CAG T TT GCC CGG CTG GCA 

Phe Ala Ser Phe Met Ser Ser Tyr Met Ser Leu Trp Gin Phe Ala Arg Leu Ala 

812 821 830 839 848 857 

555 Vtt f ? A H T ? ATG CAA ATG CTG GGG GCG CCC ATG GCA AAT CTC CTA GTC 

Trp Trp Ala Val Val Met Gin Met Leu Gly Ala Pro Met Ala Asn Leu Leu Val 
Bb& 875 884 893 902 911 

III m!5 ?? A CCA ATC TTG TCA GCA TTC CGC g TC TTC TAC TTC GGC ACT 

Phe Met Ala Ala Ala Pro He Leu Ser Ala Phe Arg Leu Phe Tyr Phe Gly Thr 

920 92 9 938 947 95s 965 

TAC CTG CCA CAC AAG CCT GAG CCA GGC CCT GCA GCA GGC TCT CAG GTG ATG GCC 

Tyr Leu Pro His Lys Pro Glu Pro Gly Pro Ala Ala Gly Ser Gin Val Met Ala 

974 983 992 1001 1010 10^9 

TGG TTC AGG GCC AAG ACA ACT GAG GCA TCT GAT GTG ATG ACT TTC CTG ACA TGC 

Trp Phe Arg Ala Lys Thr Ser Glu Ala Ser Asp Val Met Ser Phe Leu Thr Cys 

1028 1037 1046 1055 1064 1073 

TAC CAC TTT GAC CTG CAC TGG GAG CAC CAC AGG TGG CCC TTT GCC CCC TGG TGG 

yr 1 5 ASP LeU "i s Trp Glu His His Ar< ? Tr P Phe Ala Pro Trp Tr? 
1082 1091 H00 * 1109 1118 1127 

rtn ?I° o CC S AC ? GC CGC CGC CTG TCC GGG CGT GGC CTG GTG CCT GCC TTG GCA 
Gin Leu Pro His Cys Arg Arg Leu Ser Gly Arg Gly Leu Val Pro Ala Leu Ala 

TGA A 

D 
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30 60 
CGGGGCAACT CAAGAAATTC AACAGCTGCA AGCGCGCCCC AGCCTCACAG CGCCAAGTGA 
GCCCCGTTGA GTTCTTTAAG TTGTCGACGT TCGCGCGGGG TCGGAGTGTC GCGGTTCACT 

90 120 
GCTATCGACG TGGTTGTGAG CGCTCGACGT GGTCCACTGA CGGGCCTGTG AGCCTCTGCG 
CGATAGCTGC ACCAACACTC GCGAGCTGCA CCAGGTGACT GCCCGGACAC TCGGAGACGC 

150 T "0 

CTCCGTCCTC TGCCAAATCT CGCGTCGGGG CCTGCCTAAG TCGAAGAATG CACGTCGCAT 
GAGGCAGGAG ACGGTTTAGA GCGCAGCCCC GGACGGATTC AGCTTCTTAC GTGCAGCGTA 

» 210 2^0 

CGGCACTAAT GGTCGAGCAG AAAGGCAGTG AGGCAGCTGC TTCCAGCCCA GACGTCTTGA 
GCCGTGATTA CCAGCTCGTC TTTCCGTCAC TCCGTCGACG AAGGTCGGGT CTGCAGAACT 

c 

f 270 300 
GAGCGTGGGC GACACAGTAT CACATGCCAT CCGAGTCGTC AGACGCAGCT CGTCCTGCGC 
CTCGCACCCG CTGTGTCATA GTGTACGGTA GGCTCAGCAG TCTGCGTCGA GCAGGACGCG 

330 360 
TAAAGCACGC CTACAAACCT CCAGCATCTG ACGCCAAGGG CATCACGATG GCGCTGACCA 
ATTTCGTGCG GATGTTTGGA GGTCGTAGAC TGCGGTTCCC GTAGTGCTAC CGCGACTGGT 

390 4 20 
TCATTGGCAC CTGGACCGCA GTGTTTTTAC ACGCAATATT TCAAATCAGG CTACCGACAT 
AGTAACCGTG GACCTGGCGT CACAAAAATG TGCGTTATAA AGTTTAGTCC GATGGCTGTA 

450 480 
CCATGGACCA GCTTCACTGG TTGCCTGTGT CCGAAGCCAC AGCCCAGCTT TTGGGCGGAA 
GGTACCTGGT CGAAGTGACC AACGGACACA GGCTTCGGTG TCGGGTCGAA AACCCGCCTT 

510 540 
GCAGCAGCCT ACTGCACATC GCTGCAGTCT TCATTGTACT TGAGTTCCTG TACACTGGTC 
CGTCGTCGGA TGACGTGTAG CGACGTCAGA AGTAACATGA ACTCAAGGAC ATGTGACCAG 

570 600 
TAT T CATC AC CACACATGAC GCAATGCATG GCACCATAGC TTTGAGGCAC AGGCAGCTCA 
ATAAGTAGTG GTGTGTACTG CGTTACGTAC CGTGGTATCG AAACTCCGTG TCCGTCGAGT 

630 660 
ATGATCTCCT TGGCAACATC TGCATATCAC TGTACGCCTG GTTTGACTAC AGCATGCTGC 
TACTAGAGGA ACCGTTGTAG ACGTATAGTG ACATGCGGAC CAAACTGATG TCGTACGACG 

690 720 
ATCGCAAGCA CTGGGAGCAC CACAACCATA CTGGCGAAGT GGGGAAAGAC CCTGACTTCC 
TAGCGTTCGT GACCCTCGTG GTGTTGGTAT GACCGCTTCA CCCCTTTCTG GGACTGAAGG 

750 780 
ACAAGGGAAA TCCCGGCCTT GTCCCCTGGT TCGCCAGCTT CATGTCCAGC TACATGTCCC 
TGTTCCCTTT AGGGCCGGAA CAGGGGACCA AGCGGTCGAA GTACAGGTCG ATGTACAGGG 

810 * A0 
TGTGGCAGTT TGCCCGGCTG GCATGGTGGG CAGTGGTGAT GCAAATGCTG GGGGCGCCCA 
ACACCGTCAA ACGGGCCGAC CGTACCACCC GTCACCACTA CGTTTACGAC CCCCGCGGGT 
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TGGCAAATCT CCTAGTCTTC ATGGCTGCAG CCCCAATCTT GTCAGCATTC "CCTCTTCT 
ACCGTTTAGA GGATCAGAAG TACCGACGTC GGGGTTAGAA CAGTCGTAAG GCGGAGAAGA 

930 960 
ACTTCGGCAC TTACCTGCCA CACAAGCCTG AGCCAGGCCC TCCAGCAGGC TCTCAGGTGA 
TGAAGCCGTG AATGGACGGT GTGTTCGGAC TCGGTCCGGG ACGTCGTCCG AGAGTCCACT 

990 1020 
TGGCCTGGTT CAGGGCCAAG ACAAGTGAGG CATCTGATGT GATGAGTTTC "GACATGCT 
ACCGGACCAA GTCCCGGTTC TGTTCACTCC GTAGACTACA CTACTCAAAG GACTGTACGA 

1050 1080 
ACCACTTTGA CCTGCACTGG GAGCACCACA GGTGGCCCTT TGCCCCCTGG TGGCAGCTGC 
?gSgaaact ggacgtgacc CTCGTGGTGT CCACCGGGAA ACGGGGGACC ACCGTCGACG 



1110 1140 



CCCACTGCCG CCGCCTGTCC GGGCGTGGCC TGGTGCCTGC CTTGGCATGA CCTGGTCCCT 
GGGTGACGGC GGCGGACAGG CCCGCACCGG ACCACGGACG GAACCGJACT GGACCAGGGA 

1170 D 1200 

CCGCTGGTGA CCCAGCGTCT GCACAAGAGT GTCATGCTAC AGGGTGCTGC GGCCAGTGGC 
GGCGACCACT GGGTCGCAGA CGTGTTCTCA CAGTACGATG TCCCACGACG CCGGTCACCG 



1230 1260 



AGCGCAGTGC ACTCTCAGCC TGTATGGGGC TACCGCTGTG CCACTGAGCA CTGGGCATGC 
TCGCGTCACG TGAGAGTGGG ACATACCCCG ATGGCGACAC GGTGACTCGT GACCCGTACG 

1290 1320 
CACTGAGCAC TGGGCGTGCT ACTGAGCAAT GGGCGTGCTA CTGAGCAATG GGCGTGCTAC 
GTGACTCGTG ACCCGCACGA TGACTCGTTA CCCGCACGAT GACTCGTTAC CCGCACGATG 



1350 1360 



TGACAATGGG CGTGCTACTG GGGTCTGGCA GTGGCTAGGA TGGAGTTTGA TGCATTCAGT 
ACTGTTACCC GCACGATGAC CCCAGACCGT CACCGATCCT ACCTCAAACT ACGTAAGTCA 



1410 1440 



AGCGGTGGCC AACGTCATGT GGATGGTGGA AGTGCTGAGG GGTTTAGGCA GCCGGCATTT 
TCGCCACCGG TTGCAGTACA CCTACCACCT TCACGACTCC CCAAATCCGT CGGCCGTAAA 



1470 1500 



GAGAGGGCTA AGTTATAAAT CGCATGCTGC TCATGCGCAC MATCTGCAC ACAGCCAGGG 
CTCTCCCGAT TCAATATTTA GCGTACGACG AGTACGCGTG TATAGACGTG TGTCGGTCi-i. 



1530 1560 



AAATCCCTTC GAGAGTGATT ATGGGACACT TGTATTGGTT TCGTGCTATT GTTTTJTTCA 
TTTAGGGAAG CTCTCACTAA TACCCTGTGA ACATAACCAA AGCACGATAA CAAAATAAGT 



1590 1620 



GCAGCAGTAC TTAGTGAGGG TGAGAGCAGG GTGGTGAGAG TGGAGTGAGT GAGTATGAAC 
CGTCGTCATG AATCACTCCC ACTCTCGTCC CACCACTCTC ACCTCACTCA CTCATACTTG 



1650 1677 



CTGGTCAGCG AGGTGAACAG CCTGTAATGA ATGACTCTGT CTAAAAAAAA AAAAAAA 
GACCAGTCGC TCCACTTGTC GGACATTACT TACTGAGACA GATTTTTTTT TTTTTTT 



5/1 2 



WO 96/06172 



PCT/JP95/01640 



I 



OPP 



OPP 



^v^vt-^eD»j> B£(IPP) v> > f - ;u 7 y /u tf o y v K(DM APP) 

-I 



EPP 



DPP 



OPP 

r*-*eny VHWGPP) 



AaA^A^ 0M 




OPP 



- *>y? - f d v >&(GGPP) 
-GGPP 




p-a Of > 



6/1 2 



WO 96/06172 PCT/JP95/01640 



FPP 

' PP S| crtE 

GGPP 




7/1 2 



WO 96/06172 PCT/JP9S/01640 



mm 




8/1 2 



WO 96/06172 



PCT/JP95/01640 



mm 




9/1 2 



WO 96/06172 



PCT/JP95/01640 



pHP5 



pHP51 



1.7 kb 



Ss P So PP SpSp Sp NX 
'■I 'I I' I | | 




1 0/1 2 



WO 96/06172 PCT/JP95/01640 



10 20 30 40 50 60 

CGGGGCAACT CAAGAAATTC AACAGCTGCA AGCGCGCCCC AGCCTCACAG CGCCAAGTGA 

•70 BO 90 100 110 120 

GCTATCGACG TGGTTGTGAG CGCTCGACGT GGTCCACTGA CGGGCCTGTG AGCCTCTGCG 

130 140 150 160 Tito 180 

CTCCGTC^TC TGCCAAATCT CGCGTCGGGG CCTGCCTAAG TCGAAGJEfl CACGTCGCAT 
7 1 T 90 200 210 220 230 240 

cggcactaEOstcgagcag aaaggcagtg aggcagctgc ttccagccca gacgtcttga 

250 260 9 270 280 31 290 300 

gagcgtgggc gacacagtat cacOSxat ccgagtcgtc agacgcagct cgtcctgcgc 

^ 37 310 320 ^ 2 330 . 340 350 360 

TAAAGCACGC CTACAAACCT CCAGCATCTG ACGCCAAGGG CATCACG^g gcgctgacca 

370 380 6 390 400 410 420 

TCATTGGCAC CTGGACCGCA GTGTTTTIAC ACGCAATATT TCAAATCAGG CTACCGACAT 

430 440 450 460 470 480 

C CgTGta ACCA GCTTCACTGG TTGCCTGTGT CCGAAGCCAC AGCCCAGCTT TTGGGCGGAA 
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